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ABSTRACT 

This study was undertaken to evaluate pollution problems asso- 
ciated with storm sewer discharges and combined sewer overflows in several 
European countries and the United States. Current methods used to abate 
pollution from these sources and research underway to develop new methods 
were also investigated. 

Since the magnitude of the problem and the approaches to its 
solution vary in each country according to the relationships between 
various levels of government, citizen action groups, industry and research 
groups, it was necessary to review the governmental structures, historical 
aspects, and present design criteria for all contributory features of 
storm and combined sewers in the countries studied. 

Questionnaires were distributed to local authorities, government 
departments, research organizations and consulting engineers in Sweden, 
France, the United Kingdom, Germany and Switzerland. In addition, research 
engineers visited installations in each country and interviewed key per- 
sonnel . 

This report reviews the information obtained during the study 
and assesses the various methods of combatting pollution from storm and 
combined sewers, both in the context of the countries concerned, and in 
relation to the Canadian situation. 



RESUME 



La presente etude avait pour objet 1' evaluation des cas de 
pollution que 1 'on rencontre dans plusieurs pays europ6ens et aux Etats- 
Unis, et qui sont causes par les egouts pluviaux et unitaires. Elle 
devait egalement donner 1 'occasion d'examiner, les methodes actuelle- 
ment ut i 1 i sees pour reduire ce genre pollution ainsi que les recherches 
qui se font actue I lement pour decouvrir de nouvelles methodes. 

L'ampleur du probleme et la fa con de le resoudre varient d'un 
pays el 1 'autre en fonction des rapports existant entre les divers paliers 
de gouvernements, les groupes de citoyens, l'industrie et les chercheurs; 
aussi a-t-on jug6 necessaire d'examiner les structures gouvernementales, 
le c6te historique et les cri teres actuels de selection touchant de 
pres ou de loin a tous les 6gouts pluviaux et unitaires des pays en 
question. 

On a done fait parvenir des questionnaires <J divers ministeres 
autorites locales, groupes de recherche et ingenieurs-consei Is de la 
Suede, de la France et du Royaume-Un? d'Allemagne et de la Suisse. De 
plus, des ingenieurs ont visite des installations de chacun de ces pays 
et quest ionne leurs responsables. 

Le present rapport traite des donn6es recueillies d cette 
occasion et evalue les diverses methodes employees dans la lutte contre 
la pollution attribuable aux egouts pluviaux et unitaires, compte tenu 
de la situation pr§valant dans les pays etudies et en rapport avec ce 
qui se fait au Canada. 
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CONCLUSIONS 

The present status of storm water practices in each of the 
countries studied is summarized in the following. 

United States 

A massive pollution correction program with a target date of 
1983 has been established. The interim goal is the protection of fish, 
shellfish and wildlife and recreation in or on the water. The Federal 
Government has taken the lead; it has passed the necessary laws and 
approved the necessary funding which will enable it to work with State 
or Interstate authorities in achieving the necessary goals. A large 
volume of research has been and is being undertaken, and the problem of 
storm water management is now better understood in the United States 
than in any other country. 

This program is proceeding more slowly than was anticipated, 
but a very commendable start has been made and, while the rate of progress 
may be slow, it is quite apparent that the impetus has been developed 
and will be maintained until the goals have been achieved. 

Sweden 

Considerable progress has been made in Sweden in controlling 
the pollution from sanitary and industrial sewage, and the country is 
now coming to grips with the storm water problem. Considerable effort 
has been expended in keeping abreast of foreign research and in seeking 
unusual solutions to problems which are peculiar to the Scandinavian 
envi ronment. 

The central government is instrumental in setting the standards 
for policies and ensuring adequate funding for research projects. 

France 

The pollution problems in France have not been considered as 
critical as in other countries because other needs for reconstruction 
have, of necessity, taken priority. A massive program for sanitary 
sewerage treatment facility construction is also in progress; consequently, 
few funds are available for the correction of the storm water pollution 
problem, which is relatively insignificant in comparison to that of the 
sanitary system. 
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United Kingdom 

The relatively limited water resources of the United Kingdom 
have become severely strained by pollution from various sources and a 
continuous effort has been made in the past several years to clean up 
both sanitary and industrial pollution. A considerable improvement has 
been effected, and this, together with the extensive coastline, has 
created a situation where the storm water flooding is regarded as being 
more critical than the storm water pollution. 

The management of the water resources in the country has been 
entirely de-centralized so that each area is now entirely responsible 
for its own water management. It is also apparent from the mapping of 
river pollution that the most severe problems are generally restricted 
to the industrial midlands. 

Germany 

The pollution problems of the waterways of Germany have been 
evident in the industrialized, densely populated sections of the country. 
Considerable improvements have been effected, but here too, the demands 
of post war reconstruction have resulted in some delay in construction 
of new facilities. The balance of power between the Federal and the 
Lander governments has caused a delay in the establishment of a unified 
program for the entire country. Even so, the significance of storm 
water and overflow pollution is recognized federally and the government 
is both pressing for the construction of more detention tanks and making 
funds available for extensive research. 

Where conditions are most severe, the formation of conservation 
authorities by contiguous local authorities has resulted in the con- 
struction of treatment plants, the control of pollution and, in at least 
one case, the treatment of an entire river. 

Swi tzerland 

Surface water pollution in Switzerland has for many years been 
kept very much under control. The Federal and Cantonal governments, by 
virtue of a grant system which enables any municipality to construct 
whatever treatment facility might be appropriate to its circumstance, 
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has enabled the entire country to be maintained in a relatively clean 
condition. The awareness of the need to control pollution and the desire 
to maintain an attractive country has required industries to provide 
covered storage for unsightly and surface polluting materials, and generally 
to control discharges and treat them as appropriate. 

Summarizing the above, it is apparent that each country has 
recognized a serious pollution problem and has tackled that problem in 
a manner which clears up the worst offender first, but only in relation 
to a priority established relative to the country's state of well-being. 

It is of interest to examine where the different countries 
have a common concern and, subsequently, to review particular achieve- 
ments in each country. 

1. Rainfall and Storm Data . There is considerable concern that 
present data are inadequate; research is being directed towards a 
better understanding of storm intensities, directions, frequencies 
and movements. The need to break down areas into subcatchments has 
been recognized. In the U.K. the meteorological office has suffi- 
cient data to supply appropriate intensities for storms of whatever 
duration requested, for whatever return period required, for any 
part of the country defined in a grid of 10 km squares. Ongoing 
research is involved with intensive catchment gauging to more 
closely and accurately relate rainfall to runoff in undeveloped, 
developing and urban areas. 

2. Ent ry Time . It has universally been assumed that the aim in 
designing storm sewerage systems was to get the rainfall into the 
sewer and out of the area in the shortest possible time. This 
principle is now being questioned, both from the aspect of depleted 
groundwater, and the creation of greater flood intensities. Various 
possibilities are being examined. 

In Sweden, it has been suggested that there are advantages in 
ensuring that runoff remains outside the sewer by considering the 
use of open ditch drainage in urban areas, and porous pavements, 
which are also used in Germany. In the U.K. and to a lesser extent 
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in France, effective use has been made of shallow valley storage 
within the urban areas both to attenuate the runoff, to effect a 
simple settlement treatment, and to provide a beneficial use for 
recreation. In the U.S. extensive use of storm attenuation storage 
has been implemented in various areas when runoff from roofs has 
been restricted, redeveloped downtown areas have been constructed 
with on-site storage and subdivisions designed attractively around 
the principle of flood-flow ponding. However, concern has been 
expressed that there is no control over the discharges from these 
in-situ storages after construction; thus, the coincidence of such 
discharges may themselves create a flood hazard. Further problems 
are anticipated with the maintenance which will be required by 
the storage and retention devices which are in private ownership 
and on private property. 

Separately, work is being directed towards developing more 
accurate figures for time of entry and runoff patterns from diff- 
erent surfaces under different circumstances. 

3- Sewer Storage Capacity . The computer is enabling sewer systems 
in the larger urban areas to be utilized to their maximum capability 
by diversion and storage within the system. Such systems are now 
in use in France, Germany and the United States. In Sweden, the 
centralization of sewage treatment plants and the construction of 
deep rock collector sewer systems has provided the means to store 
and, subsequently, to treat combined flows. However, the Federal 
approach is still to separate sewers and to treat storm sewage 
only if the recipient conditions are unsuitable. 

k. Sewer Design . With the exception of some parts of Germany and 

France, the computer has become the universal design tool for sewer 
systems for larger urban areas. The availability of the RRL pro- 
gram in the U.K. has led to more rapid adoption of computer design 
than might otherwise have occurred. There are still some problems, 
but the programs are being improved and there can be little doubt 
that the value of the computer as a design tool is fully appreciated. 



xi 



5- Overflows . The most common overflow type is the weir and 

improper setting is frequently the cause of excess combined sewer 
overflows. The vortex regulator developed in the U.K. and U.S. 
provides a means whereby the larger solids in suspension can be 
separated from the overflowing effluent without the need for 
extensive land requirements. 

6. Combined Sewers . It has been universally acknowledged that 
the cost of separating combined sewers in existing urban areas 
is a financial burden too large to contemplate. While most new 
construction is for separate sewers, in Germany combined sewers 
are still being constructed based on the assumption that ultimately 
the majority of sewer flows will be treated, except in low-lying 
areas where pumping is required. 

7. Non-Gravity Sewers . Discounting the force mains found in all 
sewer systems, there were very few examples of pressure sewer 
systems and these were generally economically justified for topo- 
graphic reasons. 

8. Storm Water Storage . In Europe, it has been fairly common to 
construct storm water overflow tanks at sewage treatment plants, 
and subsequently to treat all of the stored flows. Increasing 
development, however, has overloaded sewer systems, causing more 
frequent use of existing overflows. This has highlighted the need 
for a more accurate setting of the overflow, and also created a 
demand for storage and retrieval of the overflow for treatment in 
the case of combined sewers. For storm sewers, research in the 
U.S. has been directed at developing high turbulence settlement 
and chlori nation so that the overflow is markedly improved before 
d i scharge. 

9. Treatment Plants . Although not directly involved with storm 
sewerage it is of interest to note that in Sweden, the construc- 
tion grant from the Federal government is higher if the degree of 
treatment is higher; while in France, the grants for the operation 
of sewage treatment plants are based on the efficiency. In Switzer- 
land, the Federal grant is related inversely to the ability of the 
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local authority to pay. The principle in Germany is that the 
polluter pays, while in the U.S. the grants are identical but the 
degree of treatment is determined by the target dates of the 1972 
Act. 

Organization and Administration . In Switzerland, Sweden, 
Germany and France, the direction of the environmental clean up 
campaign is administered by the Federal Government. In Switzerland, 
such direction is by agreement with the Cantonal governments, while 
in Germany it is proving time-consuming to develop a unified 
Federal program due to the strength of the Lander governments. In 
the areas of Germany where local pollution is severe, conservation 
authorities have been formed having the power to monitor effluent 
quality and levy charges for the construction of the necessary 
facilities and treatment plants. This has placed the control locally, 
where the need is greatest and, in this respect, may be likened to 
the system of local management established in the U.K. and the 
principle of the responsible authority designated locally in the 
U.S. 

It is worth noting that only Sweden and the United States have 
established clean up programs which are linked to target dates. 

Flooding . The problem of flooding is twofold in the heavily 
developed urban areas. The sewer system is "known" and the loca- 
tions of relief interceptor sewers have been identified, if not 
yet constructed. The design intensities have frequently become 
familiar through use and the degree of flooding and its frequency 
can be forecast with moderate accuracy. This situation is, however, 
being improved as the computer is refined as a design tool. 

In the suburban, rural and developing areas, no such familia- 
rity exists and, in the past, construction has proceeded in areas 
subsequently found to be flood plains. The consequences have fre- 
quently been serious and often disastrous. However, in these 
investigations comment was made that, at the municipal level, very 
little had been done to investigate and establish criteria relevant 
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to the cost and benefits of flood alleviation. The only report 
obtained on this aspect was produced by the Local Government 
Operational Research Unit in the U.K. [*3] • A similar report is in 
preparation with respect to storm sewerage. 

12. Research . One of the features very evident in the investiga- 
tions both in Europe and North America was the awareness that 
research work in this field should be better coordinated. Thus, 
in Scandinavia, Nordforsk is providing international coordination 
for Norway, Sweden, Denmark and Finland. In the U.K., all research 
on storm water management is being brought under the direction of 
a single committee, but many mul t idiscipl inary studies are already 
in hand. In the U.S. the EPA is providing the funding and, thereby 
the coordination, for research matters. 
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RECOMMENDATIONS 

The recommendations which follow have been divided into the 
categories of quantity, quality and management, but it is recognized 
that certain proposals would not be so isolated in practice. 
Quantity 

1. The complete division of storm and sanitary sewers in new and 
developing areas and the unregulated discharge of storm waters 
into natural water courses should be examined in relation to their 
potentiality for increasing flood hazards. 

2. Within certain critical areas, maps should be produced defining 

the flood plains of the larger waterways, and the contributing areas 
should be identified. 

3- The construction of new developments should be permitted on the 
basis that the storm drainage shall not create a flood hazard 
downstream. This may require that the runoff be restricted to 
that of the undeveloped property. 

*4. The availability of rainfall records should be reviewed and joint 
discussions held to ensure the establishment of sufficient addi- 
tional stations for the collection of data regarding storm inten- 
sities, durations and movements. 

5- When a new town or a large urban development is proceeding under 
the direction of the federal or provincial government, the oppor- 
tunity should be taken to design experimental drainage sections, 
incorporating in-line storage, combined sewers, overflow treatment, 
etc. Evaluation procedures should be established so that drainage 
criteria may be developed. 

6. Investigations should be undertaken to evaluate how a drainage 

authority might control the maintenance and adjustments required 
on schemes where private, industrial or commercial developments 
detain water on-site and release it subsequent to storms. 



7. An investigation should be undertaken at the municipal level to 

derive economic criteria relating the cost of flood protection to 
the benefits. It should be possible to produce criteria which 
would assist the designer to optimize the cost/benefit ratio. 

Qua! i ty 

1. Since it is almost universally accepted that the cost of separating 
existing combined sewers is too high to contemplate, and these are 
generally the main drainage arteries of the older downtown areas, 
they represent one of the largest sources of surface drainage water 
pollution. It is of prime importance, therefore, that a policy 

be developed regarding the treatment of the combined overflows. 
This could involve solids separation, storage and treatment. The 
methods most suitable and appropriate to each location would require 
special consideration. Existing research should be evaluated to 
determine methods and structures which could presently be used 
and research should be extended in those areas which seem promising. 

2. At the present time, downtown streets are cleaned once or twice per 
week and in the suburbs, just occasionally. Variations occur in 
street sanitation: some are washed, some are sprayed, some have no 
traps on the catch basins. It is suggested that, in suitable areas, 
separate sewer system outflows be monitored by continuous sampling 
initiated during storms, and that the same procedure be carried 

out simultaneously in two contiguous areas, each having differing 
street cleaning procedures and intensities. It should then be 
possible to assess the cost and benefit of street cleaning and 
equate them ultimately with storm water treatment costs to deter- 
mine the optimum solution. 

3. It would seem appropriate to review the costs and effects of the 
construction of separate sewer systems with immediate discharge of 
storm flow to water courses, and to compare them with other alter- 
natives such as combined systems with overflow treatment, flow 
detention and treatment, with a view to determining appropriate 
procedures. 
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k. Existing research should be reviewed and new research implemented 
as necessary to identify the problems of treatment of combined 
sewage overflows and storm flows at treatment plants. 

5. Maps should be produced and made available defining the extent of 
critically polluted surface waters. 

6. The polluting effect of storm runoff from new construction and new 
urban development should be accounted for by consideration of the annual 
mass of pollutants likely to be discharged to the recipient stream. 

Management 

1. The management of storm water flooding and quality should be re- 
viewed generally to examine how best it should be coordinated. 

2. The possibility should be considered that storm drainage and flood 
protection should be self-financing and that storm drainage be 
deemed a service similar to a water supply or a sanitary sewer. 
Charges might be made to the householder and the industrial develop- 
ment in accordance with a formula relating runoff rate to the area 
occupied. In this way, the developer providing the maximum reten- 
tion, and thereby the minimum rate of runoff, would pay less than a 
developer holding the least water on-site and discharging at the 
maximum permitted rate to the watershed. 

3. Storm drainage design criteria should be collected and reviewed 

and a manual published incorporating up-to-date concepts. Subsequent 
revisions would be made as appropriate. Such a manual, together 
with a map of critical receiving waters, would enable the drainage 
criteria for any area to be readily recognized. 

k. Considerable effort is already being made to ensure that the 

hydraulic design of sewer networks is undertaken in the most expeditious 
manner, using computers to produce the optimum result. 
It is now essential that all secondary benefits and costs should be 
identified. These might include improved landscaping on smaller 
flood control waterways, recreational benefits from stored flood 
water, improved quality of smaller natural streams, groundwater 
replenishment in developing urban areas and lower water treatment 
costs. 
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The science of storm water management, drainage and flood control is 
entering a new era. It is necessary that those responsible for it be 
provided with the financial backing necessary to achieve the desired 
results. Money spent in the early stages on applied research, on-site 
investigations and proper planning will help to ensure that the desired 
results are achieved at minimum final cost. 
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1. INTRODUCTION 

The earliest urban centres were established in response to 
trade and commercial requirements, frequently on a lakeshore, but always 
with easy access to a reliable, good quality water supply. The stream, 
river or lake usually served many purposes and eventually the discharge 
of raw wastes created problems. The problems, which originally seemed 
trivial since the resource was apparently unlimited, have slowly but 
surely increased in intensity. Across Europe and North America, an 
awareness has developed of the need to conserve the environment, as each 
country has observed a reduction in marine life and a restriction on 
the availability of natural recreational waters near the urban centres. 

Storm drainage is neither the largest nor the worst offender, 
but the limited resources of the earliest developers have left a residual 
of combined sewers, conduited streams and overflows which are inadequate 
for modern rates of development and densities of traffic. Even the 
separated storm sewers have deteriorated in quality to the equivalent 
of a treated sanitary effluent, and so a real need has arisen to review 
what steps should now be taken to ensure the correction of the problem 
by the appropriate method. 

The objectives of this study included, but were not necessarily 
limited to, the following major items: 

- An investigation of the order of magnitude of pollution problems 
associated with storm sewer discharge and combined sewer overflow. 

- A review of the magnitude, direction and responsibility for re- 
search being undertaken. 

- An examination of the statutory policies governing storm discharges 
and overflows, and of the research and/or philosophy which led to 
the introduction of present policies and regulations, with con- 
sideration of the potential influence on these controls of research 
currently being undertaken. 

- A study of present design practices, covering methods of problem 
identification; methods of solving the problems once identified; 
evaluation of overflow control techniques, and interception and 



transmission methods; municipal maintenance practices and their 
effects on total pollution; the quantity and quality of pollutants 
discharged and the effect of maintenance practices thereon; opera- 
tion of treatment plants, and effect of discharges upon the re- 
ceiving waters. 

- A review of the means of financing sewer and drainage systems and 
an assessment of the influence that the methods of financing have 
on regulatory directives and on design. 

- An appreciation of the findings in each country, as well as a 
comparative appreciation of the results with possible influence 
on Canadian practice. 
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2. UNITED STATES 

2. 1 Governmental Structure 

The government of the United States is divided into a large 
number of independent and interdependent units. Legislative authority 
is exercised by the Federal Congress, each of the 50 states, and thou- 
sands of local jurisdictions at the county or city level. Taxes are 
levied by each of these governmental entities, and they are, to a great 
extent, independent of each other. However, there is a definite hierarchy 
in the legislative arena, and certain powers have been preempted, first 
by the federal government and to a lesser degree by the states. The 
local governments, therefore, are somewhat restricted in the fields of 
thei r author i ty. 

The administrative function of government is separated from 
the legislative at all levels. In addition to the various federal, 
state and local agencies which are direct counterparts of the legislative 
bodies, there are a number of groups which do not fit the traditional 
breakdown. Regional planning agencies are neither local nor state, but 
have certain characteristics of both. These agencies generally depend 
on both state and local governments for funding, and their role is 
frequently hampered by a lack of real power. On the interstate level, 
a similar group of agencies has been created by compact between state 
and federal governments. These agencies, which often are referred to as 
interstate commissions, combine characteristics and powers of state and 
federal governments. 

Problems related to water supply, water quality and flood 
control have been relegated to every level of the government. However, 
there are certain areas which have become the prerogative of particular 
government structures, and encroachment of one level of government upon 
the domain of another is not taken lightly. For example, the design 
and construction of waste treatment facilities has been the traditional 
preserve of local government, although the trend toward regional izat ion 
is shifting this function more to regional agencies, or, in a few cases, 
to the state. However, the federal government plays little direct part 
in design and construction except through its control of construction 
grants money. Even this influence is an indirect one; the actual design 
and construction are very much local or regional control. 



Similarly, local interests control land use policy almost en- 
tirely. This means that nonpoint pollution problems are local ones, 
administratively. The federal government rejected a move to create a 
national land use policy in 1 97^* , and the states also have been wary of 
such involvement. 

Navigational use of waterways has long been acknowledged as a 
federal preserve. In fact, many of the early attempts of the federal 
government to move into the water quality field were justified by its 
navigational powers. 

Research activities are not restricted by law to any level of 
government, but the federal government is dominant in this area. Well 
over 90 percent of all research dollars are of federal origin, although 
some are expended through the state university systems. A few programs 
are funded directly by the states, and of course some privately sponsored 
research bears on water quality, but it is safe to say that it is pre- 
ponderantly federal. 

All levels of government have dealt with the problems of 
standards for water supply, waste effluents and receiving water quality, 
but these areas have now moved into the federal domain. State, local 
and other agencies have exhibited less than strict attitudes in this area, 
and the authority is now federal. 

In summary, the government of the United States is very diverse, 
with functions held by federal state, local, regional and interstate agencies 
The trend appears to be toward more federal control, but many areas are 
still in other jurisdictions, and it appears that this situation will 
persist for the foreseeable future. 

2. 2 Historical Background 

The abundance of natural waters throughout most of the United 
States was so great that very little attention was given to sewers or sewer 
practices until the latter part of the nineteenth century. This should 
not imply that there was no problem, only that there was no solution. 
Most urban areas were greatly afflicted with contaminated waters; it is 
reported that odours from the Potomac River were so strong in mid-nine- 
teenth century Washington that the various Presidents were reluctant to 



spend time on the White House lawn. Sewage systems developed in most 
major cities in the last part of the century, but no treatment was given 
to the waste for many years. 

Industrial wastes also continued to pour untreated into the 
nation's waterways, and an expanding industrial society was being created. 
The Rivers and Harbours Act of 1899 was one of the first attempts to 
curb such discharges, giving primary authority to the Corps of Engineers, 
and establishing fines for the pollution of navigable waters. This Act 
lay dormant for many years; its "rediscovery" in the late I960 ' s greatly 
enhanced the arsenal of many environmental activists, and led to other 
leg i s lat ion. 

The basis for all pollution legislation in the United States 
is the police powers which are vested in the individual states by the 
Constitution. Thus, all such legislation at the federal level has been 
tied to the prevention of nuisance or to the implementation of health 
practices under the umbrella of the regulation of interstate commerce. 
But the primary authority to curb and control pollution still rests with 
the states, and even in those areas where the federal government is very 
active, it has shown a marked reluctance to alter the state supremacy. 

There was no appreciable federal action in pollution abatement 
until 19^8, and combined sewers were the favoured collector system. 
Policy was set exclusively by the states or by local agencies acting 
under the authority of the states. A number of facilities were federally 
financed but this was an economic move to combat the depression of the 
1930's, not an attempt to enter the pollution field. 

The first Federal Water Pollution Control Act was passed in 
1948. It was limited strictly to interstate waters, and it provided for 
action only when public health was endangered. Any state was empowered 
to veto federal enforcement, and the Act generally was not useful for 
enforcement purposes. However, the Act set up a limited planning and re- 
search function for the Surgeon General, and it can be counted as the 
beginning of federal activity in this area. 

Construction grants were authorized by the Water Pollution 
Control Act Amendments of 1956. Although the federal contribution was 
only 30 percent, it showed a clear interest in pollution abatement. In 



1961, administration of the Act was transferred to the Department of 
Health, Education and Welfare. 

The year 1965 marks the first efforts to require standards 
approved by the federal government. The Water Quality Act of 1965 was 
limited to interstate waters, and the enforcement procedures were so 
cumbersome as to be little used, but it established the position of the 
federal government as the arbiter in pollution cases. 

The enforcement program became effective with the Water Quality 
Improvement Act of 1970. It made federal permits mandatory for discharge 
to navigable waters, or, if the federal permit was not obtained, the 
state was required to certify that water quality standards were not 
violated. Thus, attention was focused on enforcement of standards and 
the priority was established that pollution control was indeed an impor- 
tant consideration in municipal and industrial development. 

The federal government assumed a major role in pollution abate- 
ment with the 1972 Amendments to the Water Pollution Control Act. This 
Act set the elimination of water pollution as a national priority and put 
the federal government squarely into planning, construction and enforcement. 
The states still are major entities in the process, but the role of the 
federal government is now a powerful one. Specific elements of the new 
Act are given in more detail in Section 2.k. 

2.3 Authorities 

Primary authority in most matters of water pollution control 
rests with the Environmental Protection Agency (EPA) at the federal 
level. Each state, in turn, has a state EPA which may be called by a 
variety of names. Common appellations are Department of Natural Resources, 
Department of Pollution Control, State Water Resources Control Board, etc. 
In some states, functions related to water pollution control are divided 
among several agencies, perhaps with planning being carried out by one 
group, enforcement by another. 

Other federal agencies besides EPA have significant programs 
also. The U.S. Army Corps of Engineers still has responsibility for pro- 
tection of navigable waters, and this has been interpreted very broadly 
as extending into water quality at several levels. For example, the Corps 



is conducting urban studies programs in a number of major metropolitan 
areas; these are comprehensive planning studies which overlap or supersede 
several EPA programs. The Corps has used both its navigable waters and 
flood control powers to move strongly in water quality planning. 

Similarly, the Department of the Interior, which exercised 
many of the functions of EPA prior to that agency's creation, continues 
a strong program in water quality affairs. Interior serves as the umbrella 
for several quasi -independent agencies such as the Bureau of Reclamation, 
the U.S. Geological Survey, the National Park Service and the Office of 
Water Resources Technology. Each of these agencies has programs which 
affect urban water quality significantly; none has the broad, nationwide 
effect of EPA or the Corps. Other Interior agencies are even more special- 
ized, but they do have some topical programs. The Bureau of Sports 
Fisheries, the Soil Conservation Service and the Bureau of Land Management 
are some of these. 

Each branch of the armed services is important in pollution 
control because these organizations, the Army, Air Force, Navy, Marines 
and Coast Guard, maintain large bases in metropolitan areas. They are 
exempted from all state controls and many federal ones, and until recently, 
did not exhibit much interest in their pollution problems. This situation 
is changing rapidly, and the military has become quite conscientious in 
cooperating with state and local authorities. Nevertheless, much of their 
cooperation is voluntary, not required by law. Incidentally, it should 
be noted that the water pollution activities of the Army Corps of Engineers 
are civil functions, not military ones, and the administration of these 
two aspects is almost 100 percent separate and independent. 

To complicate this already diverse picture further, the 
Department of Justice must be mentioned. Whenever litigation is required, 
Justice will be brought into the picture. If, for example, EPA is unable 
to bring an industry into line, legal pursuit of the matter will go through 
Justice. 

Several interstate agencies have been set up to deal with 
water problems, and the expansion of urban areas has resulted in almost 
all interstate agencies being faced with storm water problems. Each 
interstate agency is a special case, and the scope of this work permits 



only a cursory review of them. The most powerful are the Delaware River 
Basin Commission (DRBC) and the Tennessee Valley Authority (TVA) . The 
latter is really a public corporation, not an agency. But interstate 
agencies can plan, conduct research, construct facilities (sometimes) 
and provide enforcement. Their power is, in narrow areas, greater than 
that of the states they cover. 

National and state policy regarding storm runoff is set by 
law, at the highest level, and by directive from one or more of the 
agencies mentioned above. Each agency interprets the law as it affects 
the programs within the agency and as it affects the agency's regulation 
of private industry and government. An example of this process is the 
Federal Permit System for waste discharges. 

Responsibility for issuing waste discharge permits to mun- 
icipalities and industries is given to EPA by law. The law requires 
that EPA maintain such a program and outlines the process. EPA, inter- 
preting the law, issues guidelines and procedures for applying for a 
permit and defines the steps which a prospective discharger must take. 
The sequence consists of the following steps: 



Discharger prepares draft permit application, 

Public hearing is held, 

Discharger revises permit application, 

EPA issues or denies permit, 

If denied, discharger appeals to EPA, 

EPA issues or denies permit on appeal, and 

Discharger seeks adjudicatory hearing in Federal Court. 



Each of these steps must be followed in order; the discharger cannot seek 
relief in the courts until the first six steps have been completed. This 
process for permits is typical of the relationship between industry, 
state and municipal governments and the federal agencies and court 
system. The agencies act, on a day-to-day basis, as the legislative 
and administrative bodies and as the court system. It is only when the 
processes within the agency have been exhausted that the assistance of 
the court system can be sought. A similar situation exists within the 
state regarding state regulatory agencies. 



2. *4 Pertinent Legislation 

The enabling legislation which guides the U.S. Environmental 
Protection Agency (EPA) in the administration of water pollution control 
is the Federal Water Pollution Control Amendments (FWPCA) of 1972 (Public 
Law 92-500, Passed October 18, 1972). This legislation revamped the en- 
tire program for abatement of pollution and created a powerful new en- 
forcement vehicle, the National Pollution Elimination Systems (NPDES) 
permits, for all significant dischargers. The overall goals of the pro- 
gram were unchanged from goals of the previous legislation cited above. 
However, the detail in this law is more rigorous and procedures are set 
up for citizen involvement in all facets of water quality management. 

The state remains the level of government primarily responsible 
for preventing, reducing and eliminating pollution and for planning and 
use of land and water resources. The federal role continues to be one 
of support, aid and technical and financial assistance to the states, 
interstate agencies and municipalities. Local government continues to 
be responsible for initiation of abatement actions (planning and con- 
struction of facilities). 

The focal point of the FWPCA is the NPDES permit program. All 
dischargers were to have permits by January I, 1975 (this deadline was 
met for all large industrial dischargers; permitting of smaller dischargers 
is continuing). The basic philosophy is control at the source by indivi- 
dual dischargers before release to the receiving streams. The control 
mechanism or process must be selected such that instream water quality 
standards are met. Permits are to be issued for five years, although 
interim permits for shorter periods have been issued. 

A minimum level of treatment is specified for all municipal 
and industrial dischargers. No distinction is made in the NPDES process 
between these types of dischargers. However, most EPA attention has been 
addressed to the industrial sector in the issuance of NPDES permits. 
Municipal or publicly owned treatment facilities are to provide at least 
secondary treatment on all discharges by July 1, 1977 and to upgrade to 
at least alternative waste management techniques before July I, 1983. 
Privately owned point source control facilities are to apply the best 
practicable control technology currently available by July 1, 1977 and 



to apply the best available technology economically achievable by 
July 1, 1983. EPA has defined these two levels for all major industrial 
categories. The framework was to define effluent standards based on 
production for all two-digit Standard Industrial Classifications (SIC). 
An example of this is the steam electric power generating industry 
class i f icat ion . 

The criterion for determining the effluent standard is, of 
course, the resulting instream water quality, which is compared to the 
federal state water quality standards. The current permits are determined 
by estimating water quality if the minimum effluent standards are applied. 
Should unacceptable quality result, then a more stringent level of effluent 
standard would be specified. All stream segments where the more string- 
ent levels are required are denoted as water quality limited. The most 
stringent effluent standard possible is total elimination of discharge. 
As yet this level has not been specified. 

Stream water quality standards prior to passage of the FWPCA 
were based on designated stream uses. Examples of these uses are raw 
drinking water supply, fish and wildlife propagation, industrial process 
water, navigation, agricultural water supply, water contact recreation 
and noncontact recreation. These use designations still apply. Water 
quality standards are to be reviewed at least every three years. The 
overall goal is to upgrade the standards such that, by 1983, an interim 
goal of water quality may be attained which provides for protection and 
propagation of fish, shellfish and wildlife, and for recreation in and 
on the water. 

Water quality management planning continues to be stressed in 
EPA's programs. The state is required to begin a continuing planning 
process encompassing both point and nonpoint control programs. Monitoring 
and technical support programs are included. This continuing planning 
program will produce basin plans for the overall management of pollution 
abatement programs. Water quality segments are identified together with 
remedial actions required to restore the quality. 

Remedial action can take the form of industrial permit require- 
ments or of municipal facilities construction. All municipal and industria 
treatment improvements required are given priorities for action. These 
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priorities are considered in the scheduling of permit issuance and are 
also considered in determining recipients of Federal Construction Grants 
Assistance in a given fiscal year. 

The Construction Grants Program has evolved into a three-step 
program involving Facilities Planning (Step 1), Facilities Design (Step 2), 
and Construction (Step 3)- The planning considered here is directed 
toward identifying future waste quantities and quality, siting the new 
facilities, and evaluating the means of attaining the necessary effluent 
standards. 

The factors which are considered in the Step I plans include 
cost effectiveness, unit process selection, identification of future 
service areas, operation and maintenance needs, infiltration/inflow 
analysis, evaluation of joint municipal/industrial treatment and evalua- 
tion of sludge d i sposal /reel amat ion procedures. In the cost effectiveness 
analysis, reg iona 1 izat ion alternatives are considered and staged construc- 
tion options are studied. Alternative solutions are developed, and costs 
are estimated and compared. Implementation strategy is developed and 
the most cost effective plan selected. 

Another output of the basin plans is the identification of 
urban/industrial complexes where an area-wide waste treatment approach 
should be undertaken. Facilities Planning is directed to remedial 
solutions; Area-wide Waste Treatment Management Planning is forward- 
looking, directing attention at land use and nonpoint pollution questions, 
as well as facilities location/sizing. 

Facilities Planning is undertaken by the community which owns 
the treatment plant. Area-wide Planning is undertaken by an agency which 
has locally elected officials responsible for the decision-making. Typical 
area-wide agencies are local councils of governments whose Board of 
Directors is composed of heads of local governmental units. This approach 
enables the urban centre city to participate jointly with suburban com- 
munities and rural counties in the common goal of controlling their 
respective destinies. 

The Area-wide Planning Program will identify future actions 
whereby pollution abatement in the urban area can move from the reaction 
stage to the planned action stage. Once these plans are developed, an 
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implementing agency is to be formed which will carry out the plan. This 
agency begins to take the shape of a regional government which supersedes 
the present city/town arrangement at the local level. Nashville, 
Tennessee, is already using this approach and the future direction is 
likely to be toward regional government. 

There are a number of other important areas in the FWPCA of 
1972. Oil pollution, pesticides and ocean dumping areas are addressed. 
A major item is the extensive research program that continues to explore 
new and improved methods of treatment, disposal and reclamation of wastes 
as well as institutional and managerial options for waste management. 

The Council on Environmental Quality (CEQ) was established by 
the National Environmental Policy Act of 1970 as a small policy making 
and coordinating agency within the Executive Office of the President. 
CEQ's responsibilities are those of advising the President on environmental 
matters, issuing an annual report on environmental quality and coordinating 
the Environmental Impact Statement process set up by Section 102 of the 
Act. The staff is deliberately small to emphasize the coordinating. No 
bureaucracy is intended to be created. Rather, each agency is to perform 
environmental analyses of alternatives as part of its normal decision 
making process. 

The impact of the Act has been great. Many federal agencies 
have had their actions stopped or delayed because the courts have found 
that their decision making processes do not adequately consider the evalua- 
tion of alternatives from an environmental viewpoint. The Environmental 
Impact Statement process is designed to give many private groups and 
public agencies the right to comment on other agencies' proposed actions 
before implementation. The action agency can ignore comments from other 
agencies and the commenting agency is powerless to force a change. However, 
all comments are public and the commenting agency's objections can form 
the basis of a suit in court brought about by a private group. 

The aim of the legislation is clear. The integrity of the 
water courses is to be restored and maintained. 

The areas of major water quality control problems have been 
identified and the most capable organization within each area has been 
designated to develop the program of improvement. Environmental pro- 
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tection is supported by strong federal/state programs that are adequately 
funded. 

The legislation is strong and well constructed. The Congress 
has created a good vehicle to improve the quality of streams in the United 
States. Its implementation is a monumental undertaking which has been 
only partially successful thus far, but which will undoubtedly achieve 
its goals, be it somewhat slower than was originally anticipated. 

2.5 Financial Considerations 

The grants program takes the form of matching grants to states, 
associations of municipalities, municipalities and, occasionally, pri- 
vate organizations (industries). With the notable exception of the 
Area-wide Waste Treatment Planning Program, all grants are partial federal 
funding for desired actions where the state or local agency must put up 
some of the money (a match) and meet federal requirements (or regulations) 
by bringing the state or local programs to some minimum level required 
by the federal program. 

The bellwether of the grants program for water pollution control 
is the Construction Grants Program, which has experienced accelerating 
emphasis as evidenced by both increased funding and strengthening of the 
program's requirements. The increased funding levels are tabulated in 
Table 1 below. 



TABLE 1. WATER POLLUTION CONSTRUCTION FUNDING LEVELS 
IN THE U.S. 



Appropr iat ion 
Fiscal Year (Millions of Dollars 



1966 121 

1967 150 

1968 203 

1969 21*4 

1970 800 

1971 1,000 

1972 1,650 

1973 5,000 
197^ 6,000 
1975 7,000 



In 1973, 197** and 1975 appropriations were partially impounded 
by the President and are being released now as a result of state suits 
against the federal government. 

The current financial arrangements are a 75 percent federal 
share to be matched by 25 percent local share. Some states are providing 
some portion of the local share. For instance, Maryland provides 12.5 
percent of the total eligible cost. Payments of federal and state shares 
are made based on completion of the project. 

Prior to the passage of the FWPCA of 1972, the eligible costs 
were those of planning and construction major interceptors (15" or greater) 
and waste treatment plants. The eligible costs have been expanded to 
include those for all collection and treatment works, including sanitary 
wastes, storm water runoff and waste in combined sanitary/storm sewer 
systems. EPA has found it necessary to attach priorities to types of 
projects and is currently funding treatment facilities for sanitary 
wastes and major sanitary interceptors. 

The grant recipient is the municipality. Only its costs are 
reimbursed and the municipality must assure the federal government that 
a number of factors will be given attention during and after construction 
of the facilities. The sewer services are not to be denied to any group 
because of race, creed or colour. The facility is to be operated and 
maintained with adequate staff to ensure good future operation. All 
construction will provide at least secondary treatment for all water 
currently received by the municipality. All industries that discharge 
to the facility will pay their fair share of the cost of construction, 
maintenance and operation of the facility. The industries are to provide 
adequate pretreatment before discharging to the municipal system. Cost 
effectiveness and flexibility are to be considered in selection of treat- 
ment sites, unit treatment processes, and effluent discharge points. 
Interceptors cannot be funded unless adequate treatment exists. Future 
capacity in new facilities is limited to reasonable projections. 

The major problems with the Construction Grants Program have 
been the transferral of responsibility to the federal level and the 
misdirection of funds into lower priority construction. The federal 
government has consistently promised more grant money than it has delivered 
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The municipality is pushed by state and federal pressure into designing a 
treatment facility. Prior to 1973, all costs for the initial phases such 
as plan and specification preparation were borne by the municipality. 
The first federal grant payment was received when the actual construction 
was 25 percent complete. This procedure resulted in many municipalities 
bearing the initial cost and then waiting for one to three years before 
being reimbursed. Any state trying to force a municipality to build 
could not be certain that the next year's funding would be available. 
Inaction often resulted. 

The procedure for distributing federal funds to each state was 
based on a specific formula. The state would then designate those municipal 
projects that it felt were high priority and would begin construction during 
that fiscal year. The state attempted to use all available money each 
year. Large urban projects were often too expensive to be funded all 
at once without using all the state's money for one project. Therefore, 
a number of small community projects were always ready to go and funded. 
The large projects were funded in pieces and construction stretched out 
over years. The result was a concentration of funds into rural or small 
urban areas, with delayed construction or no funds at all in large urban 
areas. This became a rural solution in an urbanizing society. 

A small grant program has been in existence for cost sharing 
of state administrative programs for water pollution control. The federal 
government was to fund between 1/3 and 2/3 of the total administrative 
costs, but state programs have grown rapidly during the last decade and 
federal funding has not kept pace. The more progressive states are carry- 
ing 95 percent of the cost, while some slower states are paying only 33 
percent. The current funding for this program is $^0 million per year. 

The Area-wide Waste Treatment Planning Program is a forward- 
looking, 100 percent federally funded urban planning program which is 
intended to explore the entire range of pollution control options in 
order to protect the quality of U.S. waters. The program is to have 
responsibility vested in a local agency controlled by locally elected 
officials. Two-year planning studies are to be undertaken comparing 
point (facilities) control measures to nonpoint (institutional) strategies. 
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Water quality management is the purpose, but land use and growth controls 
are likely to be the implementation vehicle. 

Each year, a small number of industrial treatment process 
demonstration grants are awarded to industries seeking new treatment 
solutions to their problems. EPA is using the 75 percent federal, 25 
percent private cost sharing research program to demonstrate technology 
for particular industrial problems. If the technology performs as expected, 
then other industrial facilities are more likely to adopt it to solve 
their own problems. 

2.6 Standards 

As mentioned earlier, the question of water quality standards 
has been the source of a great deal of controversy in the United States. 
The only acknowledged power was vested in the individual states, but the 
states were very ineffective in setting and enforcing standards. However, 
the federal government has gradually forced state action, and it can now 
be said that a fairly coherent program of standards now exists. The 
basic authority still rests with the states, but the federal government 
is active at all levels and is the motivating factor in much of the state 
action. 

A distinction has been made between effluent standards which 
regulate point sources from industry and municipalities, and stream stand- 
ards which may impact both point and nonpoint sources. Storm water, of 
course, may be either point or nonpoint, depending upon whether or not 
a collection system exists. From a long range viewpoint, it is obviously 
the receiving water standards which are of most importance; pollution of 
the receiving waters has been the major problem underlying all efforts to 
set water quality standards. 

Present regulations recognize waters as either effluent limited 
or water quality limited. If standards imposed on the effluent will 
result in adequate stream quality, then the stream is said to be effluent 
limited and effluent standards apply. If not, the more stringent standards 
of stream quality are applied. Actual water quality standards have been 
set by the individual states and vary from place to place. The federal 
government has issued guidance to the states and has formally approved 
each state's standards. 



Industry is required to provide either Best Practicable 
Technology (BPT) in treatment of its waste, or Best Available Technology 
(BAT). These are legal definitions, but they are easily understood. BPT 
is the best of readily available (generally understood as commercially 
available) methods. In other words, BPT is good, standard treatment, and 
it is required as a minimum level and is to be provided by July 1, 1977. 
If BPT is insufficient to maintain stream standards, then BAT is mandated. 
BAT is the best possible state-of-the-art treatment, and is to be provided 
by July 1, 1983. For various industries, the U.S. EPA has defined what 
BAT and BPT are. This has been the source of some controversy. 

Nonpoint sources of pollution, either from agriculatural or 
unsewered urban areas, are a continuing frustration. Stream standards 
are applicable to nonpoint sources, in theory, but most water quality 
management programs are not very effective on this score. A number of 
current planning efforts are directed at the nonpoint problem, but actual 
abatement of pollution from these sources is difficult. Standards are 
useful in defining the goals sought, but in many instances it is impossible 
to make a sound technical connection between stream quality and nonpoint 
pollution sources. It must be concluded that standards enforcement is 
only one segment of the program needed for this area. 

It is interesting to observe the functioning of the federal 
authority in taking action to control pollution despite the fact that the 
basic authority to enforce standards still rests with the states. There 
is one hundred percent federal funding of the area wide planning and 
seventy-five percent federal funding of the construction on a step grant 
basis. The end point is the improvement of the effluent and receiving 
water to a desired quality and the EPA does not set down standards of 
design or construction, nor does it have sufficient staff to undertake 
inspection of specifications, designs and site construction. These standards 
will be those established by the state, interstate or area-wide authority 
for each particular location. 

2. 7 Design Practices 

2.7-1 Sanitary sewers - separate and combined 

Sanitary sewers in the United States may be either separate or 
combined. For over 75 years, ending in the late 1960's, the majority 
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were combined, that is they were designed to carry both sanitary and storm 
flow. All major metropolitan centres have combined sewers, and they are 
found in most smaller cities as well. Treatment plants have been designed 
to handle the sanitary component only, so that the overflow of combined 
sewage during wet weather was part of the design. It was assumed for 
many years that the receiving streams were quite capable of assimilating 
intermittent storm flows, even though these flows contained a large quantity 
of raw sewage. 

Design flow formulae vary widely from place to place, but most 
are based either on the Manning or Chezy equation. The important features 
in sewer design are sizing and slope; sizing to pass the expected maximum 
flows, slope to prevent the deposition of solids during low flows. Local 
design guidelines or codes are generally based on a ratio of 3:1 to 5:1 
between the maximum and minimum dry weather flow, and a number of empirical 
relations have been developed to prevent deposition. 

Most combined systems were designed using the rational method 
to compute peak storm flows. This technique has numerous drawbacks, but 
it is easy to use and served as the standard method of analysis for many 
years. The rational method produces only peak flows, a limitation which 
makes it applicable only for pipe sizing and neglects all water quality 
considerations. Several studies have shown it to produce large errors 
in design, not always on the conservative side. 

Many engineers now use more sophisticated, computer-based tools 
for analysis and design of sewer systems. It is not appropriate here to 
describe these in great detail; more than 20 mathematical models have been 
reported in the literature to be applicable to the combined sewer problem. 
Those which are presently receiving the most widespread usage in the United 
States are : 

The Environmental Protection Agency Storm Water Management 
Model (SWMM). 

- The Corps of Engineers Storage, Treatment, Overflow, Runoff 
Model (STORM). 

- The British Road Research Laboratory Model (RRL) . 



- The Soil Conservation Service Model (SCS) , and 

- The Water Resources Engineers Model (WREM) . 

Each of these models has been used in more than five major projects, and 
has received acceptance in the profession. Each has been used by engineers 
other than its author, and has achieved a degree of recognition as a valid 
method. 

Combined sewers fell into disfavour in the late 1960's, and the 
federal government stopped all grant support for them in about 1970. How- 
ever, subsequent studies have indicated that combined sewers may not be 
as bad as formerly believed; some communities are considering treatment 
of almost all storm runoff. It will not be surprising, therefore, if 
a reversal of the trend away from combined sewers occurs. 

2.7-2 Storm drains 

A storm drain is identical to a combined sewer except that the 
sanitary sewage is not present. Most of the comments of the preceding 
section are applicable. Traditional storm drain design was based on the 
rational method, and designers are now turning to various mathematical 
models to predict design flows. 

A great deal of attention has been given to the quality of 
runoff from separately sewered areas. The reasoning behind the development 
of separate sewers was to protect the receiving waters from the pollution 
of raw sewage spilling into them during wet weather. Recent studies have 
indicated that surface runoff in urban or suburban areas may be as great 
a source of pollutants as the sewage. Storm drains, therefore, cannot be 
connected directly to the receiving streams, and many new designs involve 
storage and treatment of all storm flows less than a given return frequency. 

Communities in the United States often have their own design 
storm specification which may vary widely, even in a single urban region. 
Major cities, with their heavily urban core areas, tend to seek protection 
from larger storms than is generally the case with smaller cities or sub- 
urban areas. Although there is no general rule, it is common to find a 
five-year return frequency in major cities, and 10 or 20-year frequencies 
are used at times. In suburban areas, a two-year storm is the most usual 
design system. 



2.7.3- Treatment facilities 

Three classes of treatment facilities can be identified. There 
are those which receive only sanitary sewage, those receiving combined 
sewage, and those which (purposely) accept certain kinds of industrial 
effluent. The latter are special cases in which the specific character 
of the industrial waste must be considered. 

Facilities receiving only sanitary sewage are the easiest to 
size, because the number of people being served is known, and there are 
good, or at least well accepted, estimates of per capita loading available. 
General design practice calls for 100 to 400 gallons per capita per day. 
The lower figure is representative of "strictly" sanitary sewage. The 
higher accounts for other entries into the system, from infiltration, 
roof drains, basement drains and the like. Each community will have its 
own estimates of its situation. 

Treatment facilities for combined sewer systems have been sized 
traditionally by the same criteria as sanitary systems, permitting all 
storm flow to overflow to the receiving water. It is now required that 
this practice be halted, but there is no clear policy on what portion of 
the storm flow must be treated. Some communities have tried to capture 
only the first flush, say the first two or three hours of the storm, on 
the premise that this water contains the worst pollutants. Others have 
sought to store fairly large storms for subsequent treatment. 

The degree of treatment required is dependent upon the particular 
receiving water conditions and other local factors. Secondary treatment 
is the most common practice for sanitary sewage. Storm runoff may receive 
any level from no treatment to full secondary, but most communities give 
very little treatment to storm runoff at this time. 

Storage and detention have direct trade-offs with treatment in 
the control of storm water. Detention normally means the holding of storm 
water throughout the basin, either by use of ground cover and natural top- 
ography or by such devices as rooftop ponding and small basins. Storage 
usually means a larger facility at some downstream point, although the 
word is subject to a number of definitions. Present plans in a number of 
cities call for the construction of massive volumes of storage; perhaps 



20 



the most notable are Chicago and San Francisco. Both cities will use large 
tunnels to store storm water for later treatment. Also, in San Francisco, 
the tunnels will be used to equalize the volumes of water in several water- 
sheds. On-site detention is planned or under study in several areas. One 
of the foremost in this is the Denver region where, although the Urban 
Drainage and Flood Control District has not adopted any legal requirements 
for on-site detention, its guidance has promoted its adoption by the 
communities within its jurisdiction. It is correct to say that storage 
and detention are design practices which are just now receiving widespread 
attent ion. 

2.8 Present Situation 

Storm water is receiving more attention now in the United States 
than it ever has in the past. Until a few years ago only the flooding 
aspects of storm water were considered problems. As recently as 1971, many 
well trained engineers were convinced that sewer separation would eliminate 
water quality problems resulting from storm water. The situation has 
reversed now, and great expenditures of time, manpower and money are 
being made in an effort to eliminate both quantity and quality problems. 

The change in attitude can be summarized by examining two current 
practices. 

1. Flooding: It is no longer accepted that techniques which 
remove water the most rapidly are the solution to flooding. 
Instead, practices which cause the runoff from developed 
areas to resemble natural runoff are often preferred. 

2. Quality: It is believed that surface runoff from urban areas 
may be as highly contaminated as sewage, and the trend is 
toward storage and treatment of large fractions of surface 
runoff. 

Both of these attitudes are a sharp departure from past design and practice. 
They indicate that the public now considers storm water to be a major 
environmental concern. 

A great deal of knowledge is lacking, however, particularly 
about the quality of storm runoff. That the problem is serious is well 
known and relatively accepted, but it has not been well quantified. No 
one really understands the specific polluting mechanisms in storm water 
well enough to be able to analyze the problem by standard engineering 
methods. It is very much still a research area. 
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Progress to date has been substantial in only a few cities, and 
even in the more forward-thinking places the work is embryonic. Signifi- 
cant storm water abatement programs have been undertaken or are planned 
in Seattle, San Francisco, Chicago and Minneapolis. Other communities have 
begun special programs dealing with certain local problems. In general, 
the emphasis to date has been on cleanup of industrial and municipal 
sewage discharges. It is the success achieved in these fields which has 
highlighted the severity of the storm water problem. In many communities, 
industrial and municipal discharges have been curbed or eliminated, yet 
high levels of pollution continue. Recognition of the fact that these 
are attributable to storm water in many instances was the first step 
toward what will be, hopefully, a viable abatement program. 

Two current programs are worth noting. The 208 Planning Program 
(Area-wide Wastewater Management) emphasizes nonpoint pollution as a key 
element. It supplies state and regional agencies with funds for both 
analysis and field programs. The program is just getting well underway 
nationwide, under the guidance of EPA. It will consume more than $200 
million in the planning stage alone and should be a big boost to both 
understanding and implementation. 

A second meritorious effort is the Flood Insurance Program. This 
program is not specifically a "storm water" program, but is directed at 
alleviating the burden on landowners in the flood plain areas. It is a 
large multi-million dollar program, however, and it is causing many hy- 
drologic studies to be performed in areas that might not be touched other- 
wise. The results will be of considerable benefit in avoiding storm water 
problems in the future. 

2.9 Research 

Many research programs are being conducted on storm water, al- 
though in all but a few instances the work is not called research. The 
word itself has fallen into disfavour because it connotes an ivory tower, 
and many public officials are seeking action programs. Many action pro- 
grams find problems which cannot be solved with present knowledge, and 
some effort is diverted to pursuit of the requisite knowledge. This 
activity, regardless of its label, is research. 
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There are four principal areas in which research is being con- 
ducted, which relate directly to the storm water problem: 

a) quality of surface runoff; 

b) analytic methods; 

c) treatment processes; and, 
e) economics. 

Hard data are very sparse on the quality of urban runoff. The 
most interest has been expressed by EPA, which has supplied funds in this 
area for seven years or more, at a very modest level. Through its 208 
Planning, a many-fold increase in funding is taking place, and the next 
two years will see large blocks of data on surface runoff quality. Hope- 
fully, there will be a commensurate degree of effort applied to making 
sense of the data. 

Analytic methods, primarily in the form of mathematical models, 
have been the focus of considerable research in the past five years. 
These efforts have been supported by EPA, the Corps and a number of states, 
cities and even private sources. The result has been a large increase in 
proficiency, both in the models available and in the readiness of users 
to accept the results. Work in this area is continuing, perhaps at a 
lesser level than in the past. The emphasis seems to be on a few select 
problems - real time control models, systems models (models which include 
other components than storm water) and treatment/economics models. Related 
research on receiving water quality, particularly the modeling of aquatic 
ecosystems, is on the rise, and these efforts could be said to be in the 
storm water area. 

The demand for treatment of storm water has raised some funda- 
mental questions. After all, conventional sewage treatment plants were 
not designed for large, intermittent loads, nor were they prepared for 
the variable quality often associated with storm water. Several substantial 
projects have been directed at treatment processes and devices which can 
cope with these kinds of waste loads. In addition, a good deal of research 
has been given over to general development of more effective and efficient 
treatment methods. These activities are continuing in federal and local 
projects and in the universities. 
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Economics is, of course, a topic which cuts across all others. 
Engineers and economists often think differently and may have trouble 
communicating with one another, yet this is an area of great importance. 
Estimates of the costs of storm water pollution abatement are in the 
hundreds of billions of dollars, and extensive efforts are being made to 
reduce costs. Again, these occur at all levels of government, in the 
universities and in industry. It is apparent, however, that the economics 
of storm water protection is very complex. For quality improvement, 
the goals are being established and the solutions adopted will be the most 
cost effective. For flood control and storm drainage pollution, however, 
it is necessary to develop a comprehensive relationship between rainfall 
intensities, runoff quantities, sewer system capacities, storage and/or 
retention potential and flood damage costs for varying capacities, and 
there is, as yet, no comprehensive understanding of the i nterdependabi 1 i ty 
of these factors. 

2. 10 Bibl iography 

There is a considerable number of publications available which 
chronicle the state of storm water management in the United States. These 
have been published by the American Society of Civil Engineers, as part of 
its Urban Water Resources Research Program, the American Public Works 
Association, and the Environmental Protection Agency itself. 

It is felt that there would be little purpose in publishing a 
bibliography of relevant papers, which would be prodigious in length and 
would merely repeat what has been painstakingly assembled «n Section XVI 
of the EPA publication "Urban Storm Water Management and Technology: an 
Assessment" dated May, 197**, prepared by the National Environmental 
Research Center, Office of Research and Development [1]. 
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3. SWEDEN 

3 • 1 Governmental Structure 

Political power rests with the cabinet and the party or parties 
it represents. The ministers are usually representatives of the political 
party or parties in power, although, at times, independent experts are 
called in to serve in the cabinet. The Ministries are small units con- 
sisting of no more than 100 persons. They are concerned with the prepar- 
ation of bills to parliament on budget appropriation, laws, regulations 
and general rules for the administrative agencies, international relations 
and higher appointments in the administration. The Ministries are not 
concerned with details of administration. The cabinet as a whole, is 
responsible for all governmental decisions reflecting the principle of 
collective responsibility. 

The carrying out of government decisions is entrusted to a 
number of central administrative agencies each headed by a director-general 
appointed for a period of six years. The administrative agencies are 
under obligation to cooperate with e d ch other and are expected to submit 
proposals to the government outlining the policies they wish to follow. 
On the basis of their practical experience, they often submit amendments 
to laws and regulations for consideration by parliament. 

The country is divided into a regional organization composed 
of 2k counties and 270 municipalities. 

The National Administration in each of the counties is repre- 
sented by a governor and the County Administrator. The governors are 
appointed by government for a six-year term. The provision of health 
care, hospital services and certain educational vocational training is 
provided by a County Council which is composed of the municipalities of 
each council. These County Councils are entitled to impose an income 
tax to cover their expenses. 

The local municipalities each have an elected assembly and 
their powers are concerned with the provision of housing and associated 
services, education, public assistance and child welfare. They have the 
right to levy income tax and they receive revenue of a modest tax on 



real estate. They are able to charge for certain services and can decide 
to supply certain additional public services at their own discretion. 
They are, nevertheless, required by law to provide a number of basic 
services for which national subsidies are received. 

3.2 Background 

The hydroelectric power expansion at the beginning of the twen- 
tieth century gave rise to legislation to control all construction 
associated with water. The Water Law passed in 1919-21 controls the 
construction of hydroelectric structures, bridges and works in navigable 
waters. It also deals with water supply and the flow of sewerage into 
lakes and rivers. In 1955, a further law was passed which required the 
municipalities to arrange for water supply and waste disposal to prevent 
sanitary discomfort. The county authority can order the municipalities 
to take appropriate action if the risk of pollution is considered possible. 
The above laws have put the main responsibility for sanitary and storm 
sewerage directly on the municipalities and industries responsible for 
pollution. Where the pollution has been severe, jointly financed Conser- 
vation Authorities have been formed in order that it may be economically 
improved. 

3-3 Authorities 

3-3.1 Main regulatory authority 

On July 1, 1969, the Environmental Protection Law was passed 
and this, together with various amendments issued to clarify the regula- 
tions, forms the basis of Swedish environmental practice today [2, 3, **] • 

The law is designed to protect the environment against pollution 
from private or public use of properties. It requires that any changes 
to premises, or the disposal of certain tvpes of sewage, receive the 
approval of the Franchise Board for the Protection of the Environment 
(FBPE) . The enforcement of the Environmental Law is the responsibility 
of the National Swedish Environmental Protection Board (N.S.E.P.B. ) , which 
is a branch of the National Department of Agriculture. 

The Law deals specifically with the flow of wastewater through 
pipes and with the discharge of effluent from treatment plants and, although 



storm runoff, roof and foundation, do not require FBPE permission, the 
water is now being given special attention. 

Since 1969, the following environmentally relevant laws have 
also been passed: 

1. The Public Cleansing Act 

2. The National Physical Planning and Land Use Act 

3- The Products Hazardous to Man and To The Environment Act 
3-3.2 Subsidiary authorities 

Under the terms of the 1919 Water Law, six Water Courts were 
established with the purpose of granting approvals to applications that 
would vary the level of flow of water in a stream. 

The distribution of federal grants for water supply and sewer- 
age systems is handled by the Royal Road and Water Construction Authority 
which is a subdivision of the Federal Department of Communications and 
Transport. 

At the county level the environmental liabilities are limited 
to certain categorized functions set out in the 1969 Environmental Protec- 
tion Law. It is anticipated that these responsibilities will be increased 
in the course of time. 

The provision of water and sewerage service within the munici- 
palities is the responsibility of the individual departments and these 
have formed the Swedish Association of Water and Sewerage Departments, 
commonly called VAV, which organizes cooperation between the departments 
in the technical, economical and administrative fields. 

3- ** Financial Considerations 

The federal grant system for sewage works relates the amount of 
grant to the degree of treatment as illustrated in Table 2. If unemploy- 
ment is also a factor, the grant may be as high as 75%. 

The grants are applicable to new plants, or changes to existing 
plants and the maximum amount, subject to certain limitations in assessing 
the cost, is 5 million Swedish crowns ($200,000.). No grant is payable for 
the sewers leading to the plant unless they have been lengthened in order 
that the treatment plant might be more favourably located. Such grants 
are also made available to industries. 
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TABLE 2. FEDERAL GRANTS TO SEWAGE PLANTS, SWEDEN 



Phosphorus 
BOD \^ Removal 
Removal ^s^(t) 
(%) 



60-74 
75-89 
>90 



<50 



30 



50-89 



35 
35 
40 



>90 



kO 
45 
50 



In order to finance the remaining cost of the treatment plants, 
the municipalities have to arrange their own financing through loans and 
debentures which are available at favourable interest rates. The charges 
made to consumers include the cost of the sewage treatment and are computed 
on the cost of water supplied. 



3.5 



Standards 



The N.S.E.P.B. and its provincial counterpart, according to an 
interpretation of the law, give advice and directions to industries, munici 
pal i ties and others when there is a potential danger to the environment. 
A number of reports and guidelines have been published. The most relevant 
one on this subject has been prepared by one of the Commissions and is 
entitled, "Forslag Till Dagvattenanvisningar", (Suggestion for Storm Water 
Directives) [5]. This document represents the general thinking in Sweden 
at the present time and has an excellent list of references to European 
and North American literature. Included in the report are sections dealing 
with general directives, physical sizing of sewerage systems, design and 
operation of combined and separate systems, snow removal and street 
flushing, and costs. Several comparisons are also made with results ob- 
tained in other foreign countries. 

The VAV publishes standards and suggested practices for sewerage 
system design, construction, testing and operation. These are extensively 
used by member municipalities and others. They presently have two working 
committees of interest. One is establishing design standards for water 
and sewer lines which, it is felt, should lead to a reduction of con- 
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struction and maintenance costs. The other is, among other things, 
studying the maintenance of overflow pipes and streams. 

A third publisher is Byggandets Samordning (Association for 
Construction Coordination) which, in its publication "Mark-AMA" [6] has 
summarized standard drawings and specifications for most types of sewers, 
trenches, manholes, appurtenances, etc. Sections of this book are often 
directly referred to by specification writers in order to standardize, 
and minimize repetitious work. 

3-6 Design Practices 
3.6.1 Sanitary sewers 

Almost without exception, new sanitary sewers are designed as 
gravity systems. Very often, foundation drains discharge into the 
sanitary sewer, since it is the practice in Sweden to place the sanitary 
sewers at a much lower elevation than storm sewers. Roof drainage is 
discharged into the storm sewer. When constructed, all sanitary sewers 
are inspected and tested for leakage, either with air or water. Some 
cities located along the coast test for chloride in order to determine 
if there is salt water infiltration. Older sewers are usually checked 
by television inspection and flow measurements. If a section of the 
sewer is in very bad shape, it would be rebuilt. However, it is more 
common to repair only places where excessive infiltration is found. 
There have been cases where the sewer has been plastic lined. 

Both pressurized sewers and vacuum sewers have been built. 
The latter are particularly popular in factories and shipyards where 
relocation of the system is easily accomplished. The suburb of Stockholm 
called Balingeby has a pressurized system, and a complete report has been 
made on this system. The main advantage of pressurizing is that it enables 
the sewer line to follow the terrain, thus minimizing expensive cuts, 
often in rock. Unfortunately, the construction was poor and the costs 
high. It was generally felt that, with added experience, many of the 
problems could have been overcome and the cost reduced. Other sources 
quoted deposits, pump surges and valves as the main problems, plus general 
operation being less reliable than gravity systems. The main manufacturer 
of the vacuum sewer system is the Swedish firm of Gustavsberg. 
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The maximum capacity of the sewage treatment plants is usually 
four times the dry weather flow for mechanical treatment and twice the 
dry weather flow for biological and chemical treatment. This does 
vary from one city to the next, and one of Sweden's major cities is still 
only capable of treating the dry weather flow. However, the excess flow 
is stored until treatment is possible, since the Environmental Protection 
Law does not allow discharge of sewage after primary treatment only. 

3-6.2 Storm sewers design and treatment 

Presently, the storm frequency most often used is the one-year 
storm. However, there are cases where two-year storms are used for com- 
bined sewers and the one-year storm is used for the design of separate 
systems. For damage-susceptible structures, such as traffic tunnels, the 
design storm is usually of a longer return period. In the suggestions 
for a new code [5], now available in draft form, recommendations are made 
for a one to ten-year storm frequency depending on the area, type and 
usage. The duration is usually taken as equal to the time of concentration, 
but the minimum is usually set at ten minutes. 

The design storm is derived from data gathered by the Swedish 
Meteorological Institute. In the case of at least one city, these data 
are being reworked and new intensity duration curves established. The 
distribution of the rainfall within a given area is presently under study, 
since proper information is considered lacking. Another field where the 
researchers are not satisfied with current data is for short duration 
rainfall. The design of new storm sewer systems is based only on quantity, 
with the exception of Stockholm, where quality is being considered in at 
least one case where the discharge will be made into an exceptionally 
sensitive recipient. While most cities in Sweden are not taking any 
action to improve runoff quality, the major cities have investigated the 
quality of storm runoff and the concept of first flush pollution is firmly 
establ ished. 

Although snow melt is not considered in sizing sewers, a rule 
of thumb in one handbook states that the snow accumulated during the 
winter season shall be assumed to run off in fourteen days. However, for 
most areas the summer rains govern. 
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New storm sewer systems are being designed with gravity flow in 
separate systems. But, as in other countries, the older cities have a 
large percentage of combined sewers and related overflows. 

The treatment of storm sewage is currently under study, al- 
though no special measures are now required. The treatment possibilities 
consist of screening, straining, sedimentation, and/or disinfection. A 
pilot micro-straining plant has been abandoned, since, while the quality 
was satisfactory, the operational difficulties after rainfall were con- 
siderable. 

3-6.3 Storm runoff attenuation and detention systems 

To date, there have been no serious attempts to reduce the 
rate of storm runoff. However, this possibility has recently been con- 
sidered, primarily because of the need to raise groundwater levels. This 
need is due to both urbanization, and the rising of the land which is 
taking place in Scandinavia, because of decreased glacial pressure. A 
number of research projects, both laboratory and full scale field studies, 
are presently underway. 

Little use has been made of potential storage on roofs, streets, 
sidewalks and parks. Past insurance practices, which would not assume 
responsibility for storm water flooding, may have contributed to this 
atti tude. 

The only mandatory measures to restrict storm runoff require 
that large new developments may not proceed until adequate means are 
prepared to deal with drainage and to maintain groundwater levels. 

Of seventy-seven municipalities in Sweden, only eleven have 
storm holding tanks. The sizes of these range from 1*40 to 180,000 
cubic metres. In addition to storm holding tanks, the use of storage 
tunnels seems to be gaining favour [8]. Part of the reason for this is 
the trend toward a few large treatment plants instead of several small 
ones, which has resulted in the construction of large trunk collector 
tunnels. No provisions are being made to treat the contents of storm 
holding tanks; quite to the contrary, attempts are being made to avoid 
sedimentation in tanks and sewers wherever possible. However, both storm 
holding tanks and rock tunnels are ventilated. In addition to the storm 
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holding tanks and tunnels, parallel pipe packages have also been constructed. 
At the present time no design standards are available for these detention 
systems, and the trend, therefore, is to use either German or Norwegian 
design criteria [9]. The prime factor in limiting the detention period 
in storm holding tanks is usually construction costs [10]. When the German 
standards are followed, experience has shown that flooding rarely occurs. 

The main criteria considered in locating storm water storage 
structures are hydraulics, health and public acceptance, land availability 
and/or sewer system capacity. It is considered important that maintenance 
occur at least once a year to remove sludge that has settled to the bottom 
of the tanks. 

Although not extensively used before, different types of deten- 
tion systems are now rapidly gaining favour. Apart from the advantage of 
reducing the storm water overflows, smaller diameter pipes can be used 
downstream. According to Swedish experience, the required volume falls 
within the ten to one hundred cubic metres per hectare range (1^3 to 
1^30 cu ft/acre). 

Detention tanks include "on-line" tanks on flow-through tanks, 
either with or without an overflow. There are also "off-line" tanks 
which are filled and later taken back into the system. In all cases the 
maximum amount of sediment is passed on to the treatment plant. 

3.7 Quality 

In 1969, the National Swedish Nature Conservancy Office issued 
tentative standards for all surface waters [11]. These established criteria 
for potable, recreational, and conservation use and, after a proving 
period, will be adopted as an official standard [12]. 

The majority of surface waters in Sweden have improved consid- 
erably in the last ten years as the number of treatment plants has in- 
creased dramatically. The percentage of municipalities without sewage 
treatment has decreased from 32% to k% during this period [13]. Despite 
this, many lakes have experienced decreased pH values, and this is attri- 
buted to industrial air pollution originating outside the country [153. 

The improvement in sanitary sewage treatment has enabled 
attention to be focused on the quality of storm water. Investigations 



in Stockholm and Goteborg identified higher than permissible concentra- 
tions of phosphates, BOD, lead and other heavy metals and de-icing agents 
in storm water and, in 197**, gave rise to the formation of a working 
group to report on the character and properties of urban storm waters in 
Sweden [14,16]. The working group considered the following questions: 

1) What impurity concentrations may be expected in storm water 
from different urban areas? 

2) How do these concentrations vary? 

3) What load of impurities are transported by storm water 
per year, compared to biologically and chemically treated 
sanitary wastewater? 

k) What properties of storm water influence treatment? 
The conclusions drawn were: 

a) Large storm water discharges give high impurity concentra- 
t ions . 

b) Long duration discharges give lower impurity concentra- 
t ions . 

c) Storm water transports more suspended solids and less 
phosphorus and nitrogen than sanitary sewage. 

d) Despite the findings of the investigations, it was con- 
sidered that too little is known about the magnitude and 
causes of storm water pollution. 

In designing new sewerage systems, consideration is commonly 
given to the anticipated pollutional content of the storm water and this 
leads to treatment of the storm water in some cases. 

The advantages of both combined and separate systems were re- 
viewed at a Scandinavian Symposium in 1972 [17]. The following con- 
clusions were drawn: 

I) The separate systems' main advantage lies in the ease with 
which sanitary sewage can be given a high degree of treat- 
ment. 
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2) In order to limit storm water pollution, treatment is 
required. This can be most conveniently provided at the 
sanitary treatment facility even if the two sewerage 
collection systems are separated. However, connections 
should allow for future separate treatment facilities. 

3) The combined system is more economical to construct but 
the difference in cost is reduced if consideration is given 
to devices which would limit damage from flooding. 

3.8 Cleaning Practices 

The cleaning practices for streets and sewers, including snow 
removal and de-icing, vary throughout Sweden from one community to the 
next. Cleaning is required to take place where a town plan has been 
established and, in addition to this, the Board of Health may have 
criteria for certain critical areas. 

Thus, Stockholm streets are basically cleaned once per week, 
while in the business sections the frequency is as high as five times 
per week. Stockholm also has a boat equipped for keeping its waterfront 
clean. Goteborg sweeps its main business sections once per week and 
other urban areas within the city are swept only once or twice a month. 
The tendency is to use mechanical sweeping rather than flushing, since it 
has been established that flushing increases pollutants reaching the 
sewerage systems and their recipients. 

Catch basins are cleaned once or twice a year. This is 
especially warranted in areas where sand is used at the end of winter or 
early spring. Although not the rule, high pressure flushing of sewers exists 
in, for example, Malmo where 51 of the system is flushed each month and 
most of the rest of the system, once per year. 

De-icing methods vary depending on how far north the community 
is located. Stockholm, which receives about 1 metre of snow per season 
has the following practice: pure salt is used if the temperature is 
around the freezing point; from the freezing point and down to -6 to 
-8°C, chloride of soda is used; and, in the range from -8 to -15 C, 
chloride of potash is used. Cities in southern Sweden use pure salt 
since this has the least affect in the treatment plants. Melting of snow 



is particularly popular in suburban shopping areas where centralized 
heating systems are used and the haulage distances to a dumping site 
are often long. Otherwise, most of the snow cleared off the streets in 
Stockholm goes to one of its 17 sea dumping sites. At these, ice-breaking 
is often necessary for dispersal of the snow. In "Suggestion for Storm 
Water Directives" [5], some recommendations are made as to the disposal 
of snow. Where melting machines are used, separate systems are recommended, 
with the water going into the storm sewer, providing it does not discharge 
into a poor recipient. If the melted water is discharged into a combined 
sewer, this should be done so that overflows are avoided. If the snow 
is dumped on land, the site should be cleaned at the end of the season. 
Special consideration in locating the dump should also be made regarding 
smell and the danger it presents to playing children. A necessary re- 
quirement may be fencing [18, 19]. 

3.9 Overflow Design 

The great increase in treatment at sewage plants in recent years 
has caused the pollution from storm water overflows to become a relatively 
large part of the total pollution load. Measurements taken at seven 
cities indicated that the overflows contribute 10 to \5% of the annual 
pollution load. In assessing the possible effects from shock discharges 
and to determine design criteria, the following parameters are used as 
typical of overflows: 

Parameter Uni t Normal Value 

Total Solids g/m 800 

Suspended Solids " 300 

Volati le Sol ids " 150 

BOD " 80 

Total phosphorus " 3 

Total nitrogen " 10 

Total coliform No/100 ml 10 

Thermostable coliform " 10 

The National Swedish Nature Conservancy has issued a storm water 
directive which proposes that all combined sewer networks should be recon- 
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structed as separate systems and recommends that the overflows from the 
systems should be treated, and that in preparing the plans for the system, 
arrangements should be made for an interim solution, with no discharge 
under the interim conditions without a minimum of four times dry weather 
flow di lution. 

Almost without exception static regulators are used for combined 
sewer overflows in the form of manually adjusted weirs. However, in 
addition, storage in sewers is being developed using either an inflatable 
weir or a fixed spiral weir which has been invented in Sweden. 

In 1968 it was estimated that it would cost 1.6 billion dollars 
to convert the whole country from combined systems to separate systems. 
For an eight thousand hectare area in Stockholm, it was estimated that 
the conversion would cost $116 million dollars, with a further $116 million 
dollars for service connections and internal building changes [20]. 

3-10 Benefits Achieved 

The massive construction of sewage treatment plants has consider- 
ably improved water quality. In addition, the thorough cleaning practices 
for streets have resulted in a less polluted runoff. Swimming beaches 
within the Stockholm city limits are now open for bathing, having been 
closed for many years. However, the improvement in storm water quality 
has been given attention only in the last few years and it is, perhaps, 
too early to measure the benefit achieved from the improvements planned. 

3. 1 1 Research 

It would appear that there has been considerable criticism in 
the past that research was not applied and that it lacked any practical 
purpose. This has given rise to a coordination of research in Scandinavia 
through Nordforsk, with its Secretariat of Environmental Sciences located 
in Helsinki, Finland. There are three financing organizations for research 
in the water and sewerage field in Sweden. These are: 

The Swedish Council of Building Research (BVR) responsible for sewers, 
pipelines and related problems. 

The National Swedish Environmental Protection Board (SMV) responsible 
for receiving waters and the quality of treated water and sludge. 
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The Administration for Technical Developments (STU) with its respon- 
sibility for treatment and processes. 

A listing of research projects dealing with storm runoff and 
overflows is given in Table 3, as abstracted from the VAV Journal [21]. 
It will be seen from the list that regular interest has been expressed 
in groundwater and related fields, and that a special program group for 
hydrogeo logical research has been established to coordinate and stimulate 
research efforts in this field. This group has established a research 
program which is outlined in Table k, and which has primarily three aims: 

1) to produce hydrogeological bases for decision makers in the building 
process; 

2) to study the control and governing of hydrogeological processes; and, 

3) to design systems for the management of storm water. 

The research work is being undertaken by universities, consultants and 
contractors, and a special effort is being made to maintain the closest 
possible contact between the researchers and the practicing engineers [22]. 

It was only possible to visit one of the constituent research 
groups, at Chalmers University at Goteborg, where several faculties are 
coordinating on the program. One group, under Mr. Arnel 1 , [23,2^,25,26] 
is working on the subject of urban runoff using a 0.7 square kilometre 
area in Goteborg, where the rainfall soil moisture and discharges are 
being measured. From these measurements, plus an aerial study of rain- 
fall distribution from 13 rain gauges, it is hoped to develop a new design 
storm hydrograph for Goteborg. 

A second group under Mr. Sjoberg is working on a study of flow 
in sewers and planning to develop a program which will produce a complete 
hydraulic analysis model, taking into account backwater effects, surges, 
junction and drop losses. The model uses an implicit solution and differ- 
entiates between supercritical and subcritical flows. It was anticipated 
that it would be completely developed by mid 1975. 

A third group led by Mr. Malmquist and Mr. G. Svenson are looking 
at the composition of storm water [15, 16]. One of their conclusions 
is that approximately 70% of the heavy metals, suspended matter and oxygen 
demand in storm water occurs during the first 50% of the storm runoff. 



TABLE 3. CURRENT RESEARCH IN SWEDEN. 



Project 

Analysis of systems for storm runoff 
collection and disposal 

Literature study. Infiltration of 
storm water 

Disposal of storm runoff. Models 
for unstable water flow 

Follow-up and report of storm water 
1 i terature 

Hydrological model. Effect of pipe 
trenches on groundwater 

Physical model for an urbanized 
catchment area 

The effect of urbanization on storm 
runoff and groundwater formation 

Storm water studies for Goteborg 



Pollution model for storm runoff 



Storm water composition and its 
variations 

Storm water disposal in a new way. 
Second Stage 

Full scale tests with storm runoff 
infiltration, Osteraker 

Full scale tests with storm runoff 
infiltration, Harnosand 

Groundwater formation and variation 



Surface water influence on runoff and 
groundwater formation in an urban area 

Studies regarding infiltration of storm 
runoff into sanitary sewers 



Requested By 

V.B.B. 

L. E. Jansson 

K.T.H. 

B. Hultman 

C.T.H. 
L. Rohm 

K.T.H. 

B. Hultman 

Orrje & Co. 
B. Carlstedt 

L.T.H. 
G. Lindh 

C.T.H. 

K. Cederwell 

C.T.H. 
L. Rohm 

K.T.H. 

B. Hultman 

C.T.H. 

T. Hedberg 

B.P.A, Orrje 6 Co. 
K. Paus, B. Carlstedt 

V.B.B. 

L. Samuels son 

V.B.B. 

U. Kihlbon 

C.T.H. 
P. Wedel 

C.T.H. 
S. Hansba 

Allmane Ingenjorsbyran 
G. Petersen 



Amount in 
Swedish Crowns 



95,000 

25,000 

61,000 

13,000 

39,000 

88,000 

323,000 

106,000 

24,000 

7,000 

46,000 

13,000 

25,000 

102,000 

33,000 

30,000 



1,030,000 
($240,000) 



TABLE k. HYDROGEOLOGICAL GROUP RESEARCH PROGRAM, SWEDEN. 



RESEARCH 



AIMS 



Methods & recommendations for investigations and analyses 

Identification of infiltration zones 6 highly permeable 
strata. 

Water flow passages in soil 5 rock. 

Compressibility, permeability & pre-consol idat ion 
pressure in soils of low permeability. 

Design of hydrogeological models 

Momentary pore pressure changes in soil & rock caused by 
various activities. 

Changes in pore pressure in soils of low permeability 
as a result of changes in pore pressure in adjacent 
strata of high permeability. 

Production of hydrogeological maps 6 specifications 

Systematic documentation of hydrogeological properties 
& processes caused by various activities. 

Methods for construction of impervious tunnels, pipes, etc. 

Criteria for assessment of seal requirments. 

Methods for grouting £ tunnel constructions. 

Prevention of groundwater leakage into pipes, backfilled 
pipe trenches & deep excavations. 

Methods for controlled infiltration to rise pore water 

pressure ~ 

Deep infiltration: subterranean erosion, design of in- 
f i 1 1 rat ion wel Is. 

Surface infiltration: provision of permeable ground 
areas to compensate for lost natural infiltration areas. 

Effect of infiltrating water on the soil 6 groundwater. 

Construction of hydrological runoff models 

Runoff processes from different types of areas affected 
by urbanization. 

Dimensioning of pipes 

Analysis of systems for storm water drainage. 

Measurement of flows in pipes. 

Feasible dimensions of pipes with reference to installation 
6 costs. 

Methods for storm water infiltration S design of 

retention basins 

Design of infiltration basins and retention basins. 
Composition of storm water & its treatment. 



Aim 



Hydrogeological 
bases for decision 
makers in the 
building process 



Aim 2 

Control and 
governing of the 
hydrogeologi ca 1 
processes 



Aim 3 

Design of systems 
for management of 
storm water 



The fourth group at the university, headed by Mr. Joransson and 
Mr. A. Bjorkmann, is examining the dilution of storm water in receiving 
waters, with a view to using the quality of the receiving stream as the 
prime parameter in designing the storm water and combined sewer overflows. 

3-12 A Brief Review of Storm Water Problems in Norway 



As a result of the Environmental Protection Law passed in 1972, 
the Norwegian Environmental Agency has found it necessary to decentralize. 
A separate office within each Province deals with approvals and super- 
vision of environmental work. Compared to Sweden, Norway has very few 
treatment plants and of its sewer systems, nearly 70% are combined. How- 
ever, the basic idea is for a gradual conversion to separate systems. 
Unlike Sweden, Oslo places storm water sewers deeper than the sanitary 
line, which prevents the entry of storm water into the sanitary sewer, 
but it has been found in older districts that 10 to 15% of the sanitary 
sewage enters the storm water. 

The main receiving water is the Oslo Fjord, which has been under 
constant study since the University of Oslo began tests early in the 20th 
century [30]. It has been recommended that the Norwegian Institute for Water 
Research set up direct research and advise the municipalities around the 
fjord of the remedial measures which are necessary to continually improve 
the quality of the water. A storm water simulation model has been developed 
and used by some of the municipalities. Quality criteria have been intro- 
duced, but have only taken into account organic content. In addition, a 
treatment plant model has been developed, but at the present time no work 
has been done to develop a receiving water model. 

The results to date suggest that combined systems may be superior 
to separate systems and have justified a continued study into the operation 
of combined systems. Interesting results are that too large a storage 
capacity within the sewer may increase the BOD and create high BOO deposits 
within the pipe. 

A paper by Mr. 0. Lindholm entitled "A Pollutional Analysis 
of the Combined Sewer System" [28], reports upon a study using mathematical 
models for sewer networks and wastewater treatment plants served in a 
hypothetical catchment by a combined sewer system and plant. The research 



has examined the influence of BOD, of groundwater infiltration, of popula- 
tion density, of the influence of retention tanks and the size of secondary 
clarifiers relative to the optimum setting of storm overflows. It has in- 
cluded a sensitivity analysis, and a study of the effect of transferring 
storm runoff to the sanitary sewage pipes, comparisons between a combined 
sewer system and a separate sewer system have been made. 
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k. FRANCE 

k. 1 Governmental Structure 

In France, the Central Government is the only body that can pass 
legislation, and, in the case of laws governing water quality and use, 
which embraces sewerage and pollution control, several different ministries 
take part in drafting the legislation. 

The Ministry of the Interior is involved in any piece of legis- 
lation, and also has the basic responsibility for enforcing adherence to 
the law when it is passed. 

The Ministry of the Quality of Life, through the Secretary of 
State for the Environment, which in turn works through the National 
Committee for Water which controls the six Water Basin Authorities, is 
concerned with all aspects of water management and pollution control. 

In urban areas, the local offices of the Ministry of Equipment 
install, operate and maintain trunk collector systems and treatment plants, 
while similar services are carried out in rural areas by the Ministry of 
Agr icul ture. 

The six Water Basin Authorities came into being when the law for 
"The Regulation and Distribution of Water and the Fight Against Pollution" 
[32] was passed on December 16, \36k, and broke with tradition in that the 
six administrative bodies were outside the "common law", and were to be 
governed by committees composed of equal representation from: 

local municipalities; 
water users; and, 
Central Government. 

The geographic limits of the six Authorities followed almost exactly the 
hydrographic basins of four of the great rivers of France - the Seine, 
the Loire, the Rhone and the Garonne - plus the French portion of that of 
the Rhine-Meuse system, and the smaller basins of the rivers in the northern 
part of the country called Artoi s-Picard ie. 

These six Water Basin Authorities are invested with a financial 
autonomy, and exercise an executive role in the overall picture of water 
usage. Their terms of reference include carrying out water resource studies, 
either in-house or by contributing necessary funds to other organizations, 
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protection of the water from pollution and assisting financially with the 
installation of works necessary for improving the water in each basin. To 
meet their costs and to encourage treatment of polluted water, these Auth- 
orities levy charges against all users who: 

withdraw water from the resources; 
introduce pollutants into the environment; 
cause changes in the water regime. 

The local offices (Directions Departmental es) of the Ministries 
of Equipment or Agriculture build and maintain trunk collector systems in 
urban and rural areas, respectively. 

h.2 Background 

France is a country with quite vast water resources and only 
certain comparatively small regions are having problems. With the urban 
and industrial growth experienced in the latter part of the nineteenth 
century, the necessity of some control was recognized, and in 1898, a law 
was passed defining the general rules concerning water management and 
pollution control. Unfortunately, the power to enforce the law was so 
divided between at least six different Ministries that with various depart- 
ments in each Ministry involved, each making studies independently, widely 
disparate solutions to the same problems on the same river were put into 
practice. During the years following, some pieces of legislation were 
passed concerning water quality and sewerage, the latter being covered by 
an interministerial circular (#1333) passed on February 22, 19**9 [33]. 

During the 1960's, following rapid industrial and urban expansion 
in the postwar period, it became apparent that unless concerted action was 
taken, the previously considered inexhaustible water resources of the 
country could become, to all intents and purposes, exhausted. 

On December 16, 196A, legislation was passed which unified and 
reinforced the policies, established the Water Basin Authorities, and put 
some teeth into the law by levying heavy charges against any persons, 
businesses or communities contributing to pollution of the water resources, 
and by making substantial grants for operating costs to groups of communi- 
ties that installed high efficiency treatment facilities. 



Since 1964, vast steps have been taken to improve the quality 
and the management of the water resources. At the present time, Circular 
#1333 is under revision and, in the near future, a comprehensive standard 
for sewerage will be established. 

4. 3 Author i ties 

4.3.1 Main regulatory authority 

The only legislative body in France is the Central Government. 
Laws are voted by the Parliament, with the decree for the application of 
a particular law being signed by the President of the Republic and the 
interested Ministers. The latter prepare circulars covering the applica- 
tion of the various laws and decrees. 

The various texts are augmented by Departmental sanitary regu- 
lations signed by the Prefect of each Department. These regulations are 
established in accordance with a national code. 

4.3-2 Subsidiary authorities 

The legislation of December 16, 1964, vested the six Water Basin 
Authorities with certain powers, and these six authorities constitute the 
subsidiary authorities in France. 

4.4 Financial Considerations 

The present requirements state that the choice of a particular 
sewage system must be made by considering a number of factors, including 
costs. Capital cost should be amortized and operating costs taken into 
account . 

For treatment plants, and possibly for inter-community trunk 
sewers, grants of up to 40% plus interest-free loans of up to 10% are 
available to groups of communities that combine to install such works. 
These grants, combined with increasing yearly assessments for dumping 
pollutants in the water courses, make it very attractive for communities 
to join together to build efficient sewage treatment plants. 

At the present time, however, and in the foreseeable future, 
funds are not available for the treatment of storm water, whether it is 
an overflow from a combined system or a direct discharge from a separate 
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system. The highest priority is being given to the construction of treat- 
ment plants for sewage, and storm water treatment is low on the list of 
priori ties. 

i *. 5 Standards 

The standard presently on the statute books for sewerage is 
Circular #1333 of February 22, 19**9. The document is considered very 
much out of date, and is in the process of being completely revised. The 
revisions are expected to be passed through the legislature during the 
next few months. 

There is no definite doctrine as to whether sewerage systems 
should be combined or separate, but in point of fact, most new towns are 
designed with separate systems, while extensions to older communities are 
usually combined. However, there are many examples available of both 
separate and combined systems existing within one locality. 

k. 6 Design Practices 

4.6.1 Sanitary sewers 

New sanitary systems are designed as gravity sewers with siphons 
and lift stations installed as necessary. 

In a completely separate system, the sanitary sewer accepts only 
household sanitary wastes, wash water and industrial process waste, with 
or without pretreatment , while the storm sewer receives the surface and 
subsoil drainage, street washings and nonpol luted industrial cooling water. 
In certain very specific instances, some surface drainage may be directed 
to the sanitary sewers, i.e. in an area where the rain water may pass 
through stock-piled material and pick up undesirable chemicals. 

In areas where the combined system is used, ail waters enter 
the one sewer except where soak-aways are used to recharge the ground- 
water - mostly in semi-rural areas. 

The capacity of sewage treatment plants treating flows from 
combined sewer systems is between three and five times the mean dry weather 
flow. Holding tanks are not normally installed downstream from the overflow 
weirs, and no treatment of the overflow is carried out. 



k.6.2 Storm sewers and treatment 

Storm sewers are also designed as free flow gravity systems and 
a 10-year storm of 10 to 15 minute duration is used as the criterion for 
calculating the sizes required. 

Runoff quantity is calculated according to the formula derived 
from research by M. Caquot. 

a-ij*fl i °- 30 c J ' 7 a °- 75 

where Q = quantity in litres per second 

A = the catchment area 

C ■ coefficient of runoff (average) 

I = Average slope of catchment area 

Up to the present time, runoff quality has not been taken into 
account when designing new systems. Treatment of storm water is not anti- 
cipated. Retention tanks are used in some areas to reduce the direct flow 
into the receiving waters. 

A. 6. 3 Storm runoff attenuation and detention systems 

Two systems are used to attenuate storm runoff when such attenu- 
ation is considered essential for the protection of the receiving waters. 
The attenuation is purely to protect receiving waters with inadequate hy- 
draul ic capaci ty . 

The most general system is the construction of below grade reten- 
tion tanks in built-up areas or open ponds in rural areas to permit a 
regulated discharge to the receiving waters. A second system of in-system 
storage, by diverting the flows within the sewer network, is in operation 
in at least one area in the Paris region. The information on flows is 
telemetred to a central control room from which the diverting mechanisms 
are operated by remote control. This particular system is very effective 
due to the physical interconnection in the sewer network, and to the nature 
of the storms in that area, which tend to be localized concentrated storms 
travelling in an east-west direction, while the sewer network generally 
drops in a westerly or southwesterly direction. 



4.7 Qual ity 

The quality of storm water is not taken into consideration except 

under exceptional circumstances where a very definite high degree of 

pollution can be pinpointed, and then the drainage of that particular area 
is connected to the sanitary sewer. 

Certain people deeply involved in pollution control are, how- 
ever, very cognizant of the problem of the quality of storm water. They 
are also aware that, at least in certain places, some treatment of the 
discharges will probably have to be carried out where the receiving waters 
are highly susceptible to deterioration. 

k.Q Cleaning Practices 

Street working and/or sweeping is essentially a municipal problem, 
and it is generally left to the Works Department to decide upon the fre- 
quency which, in practice, varies widely from once a day to once a week 
in urban areas. The equipment used varies from hand brushes to water 
tankers, depending upon the locality. 

Snow is not considered a major problem and snow melt is not 
considered in designing sewers. Generally, the snow is ploughed to the 
side and allowed to melt. If it should interfere with traffic, in built- 
up areas, it may be hauled away and dumped into a river, lake or snow 
dump. 

Cleaning programs for sewers vary from locality to locality. 
In some city areas, all sewers are cleaned once a year, and in adjacent 
semi-rural areas, one-third of the system is cleaned each year. In 
other areas, the large sewers are regularly inspected by teams of "Egout iers" 
who call for cleaning as and when required. 

Cleaning is carried out by means of high pressure water jets plus 
the use of "pigs" in smaller diameter pipes. In most areas, high pressure 
flushing in dry weather is normal for smaller pipes, but not for larger 
i ns ta 1 la t ions . 

Catch basins are usually installed on new networks, depending on 
the degree to which the area is built up, and these catch basins are normally 
cleaned at least twice a year, either by hand or by suction pumps. Again, 
much depends upon the locality. 



*t. 9 Overflow Design 

There is no fixed policy regarding overflow design, the over- 
flows being considered a means of protecting the sewage treatment plant 
from damage. 

Overflow control is by end or side weirs, although consideration 
is being given to vortex weirs for future installations. No consideration 
is given to the quality of the overflow, and weirs are generally set to 
operate at three to five times the DWF . No work has been done on dynamic 
wei rs . 

4.10 Benefits Achieved 

There is no treatment of storm water and, therefore, there are 
no benefits. However, the measures taken to ensure the treatment of 
sanitary sewage and industrial effluent have achieved very great benefits. 
The increase in pollution of water resources has, in general, been halted 
and the country can look forward to a decrease in the future. The measures 
already taken are probably most noticeable to the average person by the 
increase in salmon and trout in rivers where previously they had dis- 
appeared. 

4.11 Special Considerations 

Three separate communities were visited in France: the City of 
Grenoble; the industrial area to the northeast of Paris, Seine-St. Denis; 
and a rural area, Va I d'Oise, in which is situated the new town of Cergy- 
Pontoise. Each of these areas has its own particular problems, and is 
dealing with them in different ways. 

Grenoble is located on a low-lying flat plain between the rivers 
Drac and Isdre. In consequence, the water table is close to the surface 
and deep excavation is a very expensive operation. As a result, the 
sewers, which are combined in the older parts of the city, are laid to 
absolute minimum gradients. Storm water is considered to be an asset in 
flushing the sewer system; however, during the spring, with the catchment 
areas for the rivers being in the high mountains, both the Drac and the 
Isdre are in spate, and the levels rise above those in large parts of 
the town causing backups in the sewer system and flooding. 



In the "new city" (Olympic Village) very strictly controlled 
separate systems were installed, and are comparatively free from infiltra- 
tion problems. Unfortunately, both the sanitary and storm sewers discharge 
directly into the old combined system, which, in turn, discharges every- 
thing into the River Isere without any treatment. At the point of dis- 
charge, this river carries large quantities of solids in suspension from 
upstream areas. 

Potable water for the city is drawn from the River Drac, which 
is comparatively free from suspended solids and other pollutants. 

Treatment of the sewage is now being considered, but with the 
sewer systems presently in operation giving such a high degree of dilution, 
plus the difficulties with flooding, the solution to the problem is going 
to be difficult and expensive. 

In the industrialized area of Seine-St. Denis in the Paris 
region, the trunk sewer system comes under the Direction Departementale de 
l'Equipment. In 1933, zones were established to be furnished with separate 
or combined systems. The principles used in making this decision are 
obscure but, in general, new systems in the area are installed as separate 
systems. A great deal of study has been done concerning the control of 
storm water discharges, and a small remotely controlled system is in 
operation which reduces the rate of discharge by making use of the in- 
system storage capacity of the network. The characteristics of the storms 
in this area are such that this method of retention works very well. The 
storms are generally quite concentrated and travel across the area in an 
easterly direction. It is anticipated that the monitoring and control 
system will be expanded as the network grows, and will eventually be 
connected to a computer. 

The less industrialized area of the Val d'Oise, in which the 
trunk sewer network is under the control of the Direction Departementale 
de 1 'Agriculture, has been divided into communities of two classifications, 
urban and rural, according to population density. Throughout this area, 
most new sewer systems are separate, with storm water discharges into the 
receiving waters being moderated by use of retention basins, the networks 
not being sufficiently interconnected to permit economical in-system storage 
No treatment of storm water is currently envisaged, but pollution emanating 
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from storm water discharges has been recognized as being a potential pro- 
blem in the future. 
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5. UNITED KINGDOM 

5- 1 Governmental Structure 

The government of the United Kingdom is a single governing 
body responsible for parliamentary legislation affecting the entire 
country. Scotland, Wales and Northern Ireland have local offices respon- 
sible for the administration of government, but are without any political 
body able to legislate for what might be regarded as problems peculiar 
to each national region. Thus, although there may be minor differences 
in structure resulting from historical events, the actual relationship 
between central government and local authority is fundamentally the same 
for all parts of the country. 

Until April 1, 197^, the local government structure comprised 
councils of elected representatives for counties, county boroughs, 
boroughs, etc. each with a responsibility for roads, housing, planning, 
schools, public health, etc. The financial support of the local authori- 
ties is derived from taxes assessed on residential, commercial and 
industrial properties. 

In the years preceding April 1, 197**, the water supply industry 
had been consolidated into 157 authorities, replacing the roughly fourteen 
hundred that had formerly existed. The responsibility for river flow 
and quality and catchment management was vested in 29 River Boards. 
Although sewerage and sewage disposal were the responsibility of the 
local authorities, geographical necessity occasionally required the 
formation of a joint sewerage board to operate facilities on behalf of 
two or more adjacent municipalities. There were 1393 sewerage authorities 
and sewage disposal boards. 

On April 1, 197^, the whole of the local government structure 
was reorganized and the municipal authorities were regrouped into larger 
regional authorities. At the same time, under the terms of the Water 
Act, 1973 [3**J » the water, sewerage, sewage disposal and river board 
authorities were themselves reformed into ten Regional Water Authorities. 
Thus, at one and the same time, the responsibility for virtually every 
municipal service passed to another authority. The only exceptions to 
this change appear to have been the private water companies and the 
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responsibilities for planning, constructing, and maintaining sewers, 
which remained with the local authority but on an agency basis on behalf 
of the water authorities. 

In summary, therefore, the present governmental structure places 
the responsibility for water supply, water conservation, water quality, 
sewage disposal and all related matters into the hands of ten regional 
all-purpose river basin authorities in England and Wales. 

5.2 Historical Background 

A brief summary of the historical development of storm and sani- 
tary sewerage in the United Kingdom is contained in Chapter I of the 
final report of the Technical Committee on Storm Overflows and the 
Disposal of Storm Sewage [35] • This states that, in the early part of 
the 19th century, sewers existed for surface water only, and at that time 
it was illegal to discharge what is now known as sewage into them. Sewage 
disposal was achieved simply by moving refuse from the immediate vicinity 
of the dwelling; any nearby water course was regarded as a logical and 
proper place to dump it. Later, following the introduction of the water 
closet, domestic sewage was discharged to cesspools and these, in turn, 
were often connected to surface water sewers which conveyed the cesspool 
liquid to the watercourse. 

The uncontrolled discharge of industrial wastes, as well as 
sewage, during the industrial revolution caused the rapid deterioration 
of many rivers and commissions were appointed in 1857, 1865 and 1868 
to inquire into various aspects of sewage disposal in towns and the 
prevention of pollution of rivers. The conclusion reached was that 
sewage should be collected from individual properties and conveyed to 
a central point for disposal on land. The sewage farm, which provided 
settlement and land irrigation, then became the most common mode of 
di sposal . 

The Public Health Act, 1875 and the Rivers Pollution Prevention 
Act, 1876 consolidated the law relating to sewage disposal and river 
pollution, and under the Act of 1876, it was deemed an offence to discharge 
sewage to a river. 



Developments were taking place meantime in the fields of 
sewerage and sewage treatment. Sanitary sewage systems were growing out 
of what, in many cases, were the old surface water systems which had 
terminated at their various points of discharge to the rivers, and while 
the sewage farm was the standard method of treatment, the large areas 
of land needed were becoming more difficult to acquire. This led to a 
search for forms of treatment requiring less land. 

The Royal Commission on Sewage Disposal, appointed in 1 898, 
published a series of reports on the treatment and disposal of sewage. 
These included recommendations for restricting the quantity of sewage 
to be treated at one sewage works when the flow was swollen by surface 
water runoff. 

The sanitary sewage systems, which had grown from somewhat 
haphazard surface water drainage arrangements, were being required to 
take greater and greater flows of both sanitary sewage and surface water, 
as populations and the paving of road surfaces increased, and there was 
a great deal of improvisation to meet the changing circumstances. The 
complexity of cross connections in many towns can only have resulted from 
piecemeal attempts to relieve overloaded sewers by diverting some of the 
flow into others which, at the time, had some spare capacity. It was 
not thought necessary to convey all the flow to the final point of 
disposal; the cost of building the necessary sewers would often have been 
prohibitive and excess flows had to be discharged on the way in such 
a manner as to avoid flooding. The many outlets that had existed on the 
old systems provided ready-made facilities for the discharge of the 
excess flows to the nearest watercourse. These outlets were, in effect, 
the first storm overflows. 

It should be realized that many of the countries largest systems 
have developed from such beginnings. Although improvements have been 
made from time to time, by the laying of relief sewers and, in some 
cases, by excluding surface water from the sanitary sewers, many authorities 
have not yet succeeded in overcoming the drawbacks stemming from these 
or igi ns . 

Thus, the present day dual purpose sewer developed from a 
water carrier, which was often a culverted stream into which sanitary 
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sewage had, over the years, been admitted. Today, they are regarded as 
sewers carrying sanitary sewage into which surface water is admitted in 
wet weather. 

From the earliest days, it was generally accepted that it 
would be uneconomical to design entire sewerage systems to carry storm 
flows to the final point of disposal. It has been the usual practice 
to relieve the system of some of the excess flow at selected points by 
providing storm overflows. In the majority of cases, these take the 
form of a device, such as the weir, for separating the excess flow, which 
is then discharged to a pipe from the overflow chamber to the nearest 
watercourse. By this means it is possible to restrict the quantity 
finally passed for treatment to something very much less than the 
maximum reaching the sewers in times of rainfall and, consequently, to 
limit the size of the downstream sewers to reasonable dimensions. 

In the latter part of the 19th century, the Local Government 
Board was the central authority responsible for sewerage and sewage dis- 
posal. One of the Board's requirements was that storm overflows should 
not come into operation until a flow equal to six times the dry weather 
flow was being conveyed through the sewage works for treatment. 

The Royal Commission on Sewage Disposal, which was appointed 
in 1898, in its fifth report published in 1908, acknowledged that it 
would be impractical to dispense altogether with storm overflows. However, 
it recommended that they be used sparingly, and that the river board or, 
in districts where there was no river board, the county council, should 
have power to require the local authority to alter any storm overflows 
which, in their opinion, permitted an excessive amount of unpurified 
sewage to flow over them. 

Another requirement of the Local Government Board was that 
flows up to three times the normal dry weather flow should be given full 
treatment, and flows between three and six times the dry weather flow 
should be given land treatment, or should be passed through storm filters. 
On this subject the Royal Commission included a recommendation that 
special standby tanks should be provided at the sewage works and kept 
empty for the purpose of receiving the excess storm water. The 
Commission considered that, during storms, the amount of flow which could 
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be passed through the normal treatment tanks could be increased to about 
three times the dry weather flow without serious disadvantage. It also 
considered that any overflow of the works should be made from the stand- 
by storm water tanks and that overflow should only become effective and 
operational when the tanks were full. 

Although there was no official publication, it is generally 
believed that the Local Government Board's requirements were modified 
in accordance with the Royal Commission's recommendations, but the 
Board appeared to have adhered to its original requirement that, in the 
absence of any special circumstances, overflow weirs should be fixed 
so as not to come into operation until the flow exceeded six times the 
average dry weather flow. When, in 1919, the Ministry of Health took 
over the functions of the Local Government Board in relation to sewerage 
and sewage disposal, these requirements, although as far as is known 
still not laid down in any official document, were included in what 
became generally known as the Ministry of Health Requirements. Regardless 
of their obscure origin, they are the standard to which designers have 
worked in the United Kingdom for many years. 

Conditions have changed considerably since these requirements 
first became the basis of design practice, some 60 years ago. Despite 
these changes, the old standards are still generally followed. They 
have been subjected to criticism but no alternative basis of design has 
been laid down. 

Under the Rivers (Prevention of Pollution) Act, 1951, it became 
necessary to obtain the consent of the appropriate river board before 
making any new or altering any existing discharge of industrial or 
sewage effluent to a stream and; in granting consent, the boards were 
empowered to impose conditions. In issuing consent to a discharge from 
a storm overflow, it became the practice to stipulate a setting, usually 
by requiring no discharge to take place until a specified flow was being 
passed to the sewage works for treatment. 

A setting equivalent to six times dry weather flow was, and 
still is, frequently stipulated in line with the old requirements, but 
sometimes there have been differences of opinion as to what should constitute 
a special case, and what should then be the appropriate setting. There 
was a growing practice among some river boards to ask for overflow 



settings of eight or even ten times dry weather flow, but there was no 
uniformity of practice or knowledge of the magnitude of the benefits that 
these higher settings would bring about. 

5-3 Regulatory Authorities 

The Secretaries of State for the Environment and for Wales 
exercise the central government functions relating to control of water 
pollution. These include power to direct the variation or revocation of a 
consent to a discharge, to confirm bylaws, to determine appeals, and to 
act in the event of default by a water authority. Guidance is given by 
circulars and technical memoranda to the regional authorities on various 
matters affecting water quality. There is close liaison between the 
Departments and the regional authorities on both technical and adminis- 
trative matters. Standing technical committees advise the Secretary of 
State for the Environment on the effects on rivers of the use of synthetic 
detergents and related products, and promote and coordinate studies of 
practical problems related to water quality both generally and in particular 
catchment areas. Other committees and working parties are appointed to 
examine special problems as they arise. 

The executive responsibility for water rests with the ten 
regional water authorities. These authorities are the regulatory bodies 
which ensure compliance with the laws governing the quality of water. 
The control of pollution of any kind has been rationalized by the Control 
of Pollution Act, 197^ [36], which has both supplemented and repealed, 
in part, the very considerable existing legislation dealing with the 
public health and the maintenance of purity or good quality in the many 
streams and other waters in the country. 

Thus, in the United Kingdom, apart from the rights of individuals 
and organizations to make full use of the courts to protect the environ- 
ment, the direct responsibility for the prevention of the pollution of 
water supplies rests with the same authority that has the responsibility 
for the operation of sewers, sewage treatment plants, and water supplies. 
These regional authorities are very extensive and very new, and it is 
worth remarking that, at the time of our investigation, there were 
already signs of internal reorganization within some authorities to 



rationalize their operation. Each of these authorities is autonomous 
and the chairman of each is a member of the National Water Council. 
This council is a coordinating, consulting and advisory body and does 
not attempt to direct the activities within individual authorities. 
The undertaking of this investigation so soon after the formation of these 
authorities made it impossible to observe their functioning. It will, 
however, be of interest in the future to see how the various authorities 
undertake the task of policing the maintenance of their own water supplies 
and, in particular, how the individual authorities, with perhaps ultimately 
different establishments will be able to both effectively police themselves, 
as well as maintain a balance between possible conflicting budgetary 
requ i rements. 

We were informed that, at the present time, there are no 
established priorities for those works necessary to improve river water 
quality. It is our understanding that each individual authority would 
prepare its own budget and that these, in turn, would be centrally coor- 
dinated. In this regard, there will, no doubt, be a most effective 
liaison between the National Water Council and the Directorate General 
Water Engineering of the Department of the Environment, in order that 
the relative priorities of alternative requirements may be evaluated. 

5-^ Standards 

The improvement of river water quality has received considerable 
attention in England and Wales and, although there are no determined 
standards to which the rivers shall be improved, there has been a most 
comprehensive river pollution survey, undertaken by the Department of the 
Environment and the Welsh office with the cooperation of the river authorities 
This survey was published in two parts, volume one in 1971 and volume two 
in 1972 [37]- A further volume published in 1973 [38] updated the 1972 
vo 1 ume . 

Volume one consists essentially of an inventory of the river 
authority areas and the classification of the river mileages within 
those areas into four classes of chemical pollution: class one, 
unpolluted, through class four, grossly polluted. It then compares the 
biological and chemical classifications of tidal and non-tidal rivers and 
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effects further comparisons by river authority areas. It is complete 
with a number of maps to scale of 1 A inch to a mile, identifying the 
various lengths of classified rivers. 

Volume two takes the same river authority areas and summarizes 
in those areas the discharges of sewage effluent, crude sewage, storm 
sewage from unsatisfactory storm overflows, industrial effluent, and 
details of expenditures estimated to be required to remedy the situations 
The report includes a brief forecast of the improvement anticipated as 
a result of the expenditures on remedial works. 

The third volume represents an updating of the information 
contained in the previous volume and contains an account of changes in 
discharges that have taken place in the intervening period in most of the 
river authority areas. 

Tables 5 and 6 are taken from volume one of this report and 
compare the mileages of non-tidal and tidal rivers in the 1958 and 
1970 reports. 



TABLE 5- COMPARISON OF MILEAGES BY CHEMICAL CLASSIFICATION, 
1958 AND 1970, NON-TIDAL RIVERS, UNITED KINGDOM 



Chemical Classification 



1958 


1970 


1970 compared 
with 1958 


(Mi les) 


(Mi les) 


(Miles) 



Class I Unpolluted 1**,603 (72.93) 17,000 (76.2%) +2,397 

Class 2 Doubtful 2,865 (14. 3&) 3,290 (1*4.7%) + ^25 

Class 3 Poor 1,279 ( 6.4%) 1,071 ( <*.8%) - 208 

Class k Grossly polluted 1,278 ( 6.k%) 952 ( 4. 3%) - 326 

Total, England and Wales 20,025 (100%) 22,313 (100%) +2,288 
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TABLE 6. COMPARISON OF MILEAGES BY CHEMICAL CLASSIFICATION 
1958 AND 1970, TIDAL RIVERS, UNITED KINGDOM 



Chemical Classification 



Class 1 
Class 2 
Class 3 
Class 4 



1958 
(Miles) 


1970 
(Miles) 


1970 compared 
with 1958 
(Miles) 


720 (40.72) 


862 (48.12) 


+ 142 


580 (32.82) 


419 (23.42) 


-161 


250 (14.!*) 


301 (16.82) 


+ 51 


220 (12.42) 


209 (11.72) 


- 11 



Total, England and Wales 1,770 (1002) 1,791 (1002) +21 



The report refers to the difference in mileages recorded in 
both these tables and suggests that this is due to the different 
criteria adopted for the two surveys and to the greater accuracy required 
for the later survey. There has been definite improvement in the quality 
and it is considered in the report that this improvement has been due to 
the steadily increasing expenditure on sewage and trade effluent treatment, 
stimulated by the system of control of discharges into rivers described in 
Appendix 2 of that report (reproduced in Appendix 1 of this report). 

It is worth noting here that the full powers of control by river 
authorities of discharges to non-tidal rivers have applied only since 
1963. Improvements in the quality of discharges have been achieved mainly 
by persuasion and the voluntary cooperation of dischargers, although 
river authorities could and did prosecute when there was no attempt to 
meet the conditions attached to consent to discharge. It is apparent 
that the discharge from storm overflows, while coming under river authority 
control, was not identified as the highest priority in need of treatment. 
In chapter 4 of volume two, the discharges of storm sewage from unsatis- 
factory storm overflows are identified by river authority. It was 
estimated that there were between 10 and 12 thousand storm overflows in 
England and Wales, and 2,162 were considered to be unsatisfactory at that 
time. The authorities were asked what remedial works would be required and 
the replies are summarized as briefly as possible in Table 7. 



TABLE 7. COURSES OF UNSATISFACTORY STORM OVERFLOWS, UNITED KINGDOM 

Unsatisfactory 
River Authori ty Overflows Comments 

Northumbria 8 1 caused by mining subsidence 

2 require resewering at cost 
in excess of $16 million. 

Yorkshire 302 No details of cost given but 

1 04 occur in areas where 
remedial works are likely to 
be particularly costly. 

Trent 80 No details of cost given, but 

much resewering required. 

Lincolnshire 12 Remedial works will include 

resewerage and increased 
treatment plant capacity. 

Wei land S Nene Ni 1 

Great Ouse Ni 1 

East Suffolk S Norfolk 19 Remedial works are largely 

resewer i ng . 

Essex 29 Remedial works require larger 

capacity sanitary sewers and 
flow separations. 

Kent 11 Remedial works all in hand. 

Sussex 5 Resewering is required in all 

cases 

Hampshire 7 Most cases would require relief 

sewers and provision of screens. 

Isle of Wight 35 Remedial works would require 

relief sewers, screening and 
provision of adequate sewer 
capacity with tidal storage. 

Avon & Dorset 1A Remedial works include relief 

sewers enlarged capacity and 
separat ion . 

Devon 33 Most cases require new sewers 

and some additional treatment 
capaci ty. 



River Authority 
Cornwal 1 

Somerset 
Bristol Avon 

Severn 



Unsatisfactory 
Overflows 



10 



123 



Usk 



176 



Glamorgan 

South West Wales 

Gwynedd 
Dee & Clwyd 

Mersey S Weaver 



5 



23 



30 



791 



Lancashi re 



268 



Comments 

Extensive resewering required 
with high overall cost. 

No details available. 

Some require major resewering, 
some only improvements at mod- 
erate cost. 

Many large schemes of resewering 
required. Overall costs will 
be high, but not all attribu- 
table to elimination or 
improvement of overflows. 

In many cases the remedial 
works will be confined to 
reconstruction of overflows and 
adjustment of weirs. Others 
will be improved as a result of 
construction of major sewerage 
works . 

All will be improved or elimin- 
ated incidental to major long 
term sewerage schemes. 

Several could be improved at 
moderate cost, some small works 
require extension. 

No extensive work required. 

Indications are that extensive 
resewering is required at 
high cost. 

A number of overflows could be 
improved at moderate cost, but 
if all were to be brought up to 
satisfactory standard extensive 
resewering would be required in 
the bui 1 t up areas. 

The cost of improvement to 
approximately 160 of the worst 
overflows is estimated to be 
in excess of $16 million. 
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River Authority 
Cumber land 

Thames Conservancy 



Unsat i sfactory 
Overflows 

20 







Lee Conservancy Nil 

Port of London Authority 25 



Comments 

Some resewering and some 
resetting of weirs required. 

Mainly requires regional or 
local resewerage. 



It is considered that a major 
scheme of trunk sewering is 
required costing $96 million. 
It is also pointed out that 
this sum might be spent on 
sewage treatment with greater 
benefit . 



It is interesting to note that, of a total of 2,162 unsatis- 
factory storm overflows, 1,660 or nearly 77% of the unsatisfactory 
overflows are located in only five of the twenty-nine water authority 
areas. These, in general, represent the industrial midlands of the 
United Kingdon. 

The Control of Pollution Act 197** requires that all discharges 
into relevant waters be made with the official consent of the appro- 
priate Water Authority. For sewage effluent, it has been the require- 
ment since 1912 that it conform to the Royal Commission Standard, that 
is, 20 ppm BOD and 30 ppm suspends solids. This standard was established 
on the basis of dilution in the receiving stream with eight volumes of 
clean river water. Until the formation of the River Boards in 1950-51, 
little attention was paid to this requirement but it has been more 
rigorously applied since that time. 

In the matter of storm overflows there has been no official 
consideration of the degree of dilution required, nor is there a quality 
standard established for the overflow itself. 

5-5 Design Practices 

5.5.1 Sani tary sewers 

The three types of sewerage systems in the United Kingdom are 
the combined, the partially separate, and the separate. In the combined, 
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all the sanitary sewage and all the surface water are carried by the same 
sewer. In the partially separate system, only a proportion of the surface 
water, and that usually from back roofs and yards, is discharged to the 
sanitary sewer and the remainder is collected in the surface water sewers. 
In the separate system, sanitary sewage and surface water are theoretically 
kept strictly in separate sewers. 

Wherever possible at the present time, new systems are designed 
as separate and it is only in the resewering of heavily built up areas 
that either combined or partially separate systems would be constructed. 
The sewers are always designed as gravity sewers with pressurized sewers 
being used only as a forcemain when the topography requires that a lift 
station be constructed to transfer the collected sewage to a gravity 
system. 

The sewers are designed and constructed in general accordance 
with the British Standard Code of Practice CP2005 [39]. 

The capacity of the sewer is based on a calculation of the 
average flow in the sewer based upon existing water supply statistics 
and an estimate of future changes. This flow, referred to as the dry 
weather flow, is multiplied by a factor of six to determine the capacity 
of the sewer to the treatment plant. 

The hydraulic formulae used have been those of Barnes, Manning, 
Crimp and Bruges but it is considered in the code of practice that the 
Colebrook White formula is now being more widely adopted. 

5-5-2 Storm sewers 

The problems of storm sewer design are reviewed in the proceed- 
ings of a research colloquium held at Bristol University in April, 1 973 
[J»0J. 

There are basically two methods used to derive the flow inten- 
sities required for storm sewer design. The first is the rational method, 
the second is known as the RRL hydrograph method. The rational method 
assumes that variations in the rate of rainfall during a storm and the 
volume of water retained in the sewer system may be neglected, and also 
that the maximum discharge of storm water from an area occurs when the 
duration of the storm is equal to the time of concentration of that area. 
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The rate of rainfall used for this calculation was previously the Ministry 
of Health's formulae, where R = - *° ]Q or R = - ^° 2Q , where R is inches 
per hour rainfall and t is -3-55 duration of storm in minutes. This has 
been largely superceded by the Bilham formula which was derived in 1935, 
where N = 1 .25t (R + 0.1), where N is the number of storms of this 
intensity in ten years, t = duration in hours and R = total rainfall in 
inches in the time t. 

It has been shown that the rainfall intensities derived from the 
Bilham formula are not uniformly applicable to the whole of the country, 
and in recent years there has been considerable research by the meteoro- 
logical office to evaluate for the British Isles the appropriate rainfall 
patterns for differing times for differing frequencies of recurrence. 
The meteorological office will now supply to any design engineer, for 
any ten kilometre square in the British Isles, the storm intensities 
which they consider to be appropriate to that location, and it is this 
storm intensity which would be used for the runoff calculations. 

The RRL hydrograph method was developed by the Road Research 
Laboratory. The method, which is calculated using a computer, first 
prepares an area and time diagram of the catchment. Then, using a suitable 
design storm profile, the first approximation to the hydrograph is calculated 
and this, in effect, gives an inflow curve to a reservoir, the volume of 
which is equal to the maximum volume occupied by water in the sewer at 
the time of peak rate of runoff. A calculation is then carried out to 
determine the outflow curve of this reservoir which is the final hydrograph. 

In each case, the storm frequencies are varied, depending upon 
the location and the type of construction. Heavily built up areas are 
usually based on a five-year return storm, and lightly developed residential 
areas on a two-year storm. If an area is subject to exceptional flood 
damage, then a 20-year return storm would be used. The RRL method is 
commonly used at the present time and is considered to be more appropriate 
than some of the more complex computer systems currently available. In 
a paper presented in April, 1973, Young referred to the program and commented 
that it is possibly the best available at present. Later, after reviewing 
various aspects, he stated that the latest information from the meterologica 1 
office on rainfall profiles could not be used in the method. During the 
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course of the study, a member of a consulting engineering company, Hepworth, 
proposed in an article in New Civil Engineer that the Road Research 
Laboratory method was not the most suitable and could lead to gross 
errors. In the June, 1973 journal of the Swedish Society of Civil Engineers, 
Professor Gurner Lind of the University of Lund commented that the RRL 
method operated satisfactorily only under the following conditions: 
area less than 12 sq km, impervious area at least 15% of total and 
uniformly distributed, storm frequency not greater than 20 years. 

The formulae used for the hydraulic design of the storm sewers 
are identical to those used for the sanitary sewers. 

5-5-3 Overflows 

The greatest number of overflows on storm sewers in the United 
Kingdom are of the weir type, although examples of stilling basins, storage 
and vortex types have also been constructed. 

The weir type is constructed either with a low or high configura- 
tion. It is generally acknowledged that the low type is possibly the worst 
offender in relation to the discharge of foul matter during storm overflows. 
In consequence, these are the subject of redesign which, in many instances, 
is difficult due to the restrictive configurations of the overflow struc- 
ture relative to the surrounding construction. 

Work by Dr. Prus Chacinski reported in reference [k]] has 
developed a storm sewage spiral flow separator which, it is considered, 
can be fitted into almost any configuration of street and which, it is 
claimed, will improve very considerably, the separation of solids. It is 
believed that it operates along similar principles to the Helical Bend 
Combined Sewer Overflow reported upon by the APWA Research Foundation. 

The design of storm sewage overflows was reviewed at a 
symposium held at the Institution of Civil Engineers, London, in 1970 [4lJ 
and most design has proceeded in accordance with the findings. 

The general rule has been that overflows are provided so that the 
flow in excess of six times the DWF is removed from the sewer to a receiv- 
ing stream. Although some River Boards determined in the 1950s that a 
flow of eight or even ten DWF was a more appropriate flow to be carried 
in the sewer before overflow, no work had been done to determine the 



wisdom of the number or the benefits which would result; thus, it is 
not a common current design factor. The final report of the Technical 
Committee on storm overflows [35] considered the custom of expressing 
the setting of an overflow as a multiple of the dry weather flow to be 
basically unsatisfactory. They proposed a setting of Q, where Q = the 
DWF + 300 p + 2e, where DWF is the dry weather flow in gallons per day, 
p is the population of the upstream area, and e is the volume of industrial 
effluent in gallons discharged to the sewer in 2k hours. 

The committee considered that, of the overflow structures stu- 
died, the high side weir and stilling pond preferentially retained gross 
solids but not to any great extent. The vortex overflow studies had no 
advantages over the high side weir or the stilling ponds, and the low 
side weirs were inefficient, particularly in respect to flow control. 
The committee considered that storm overflows should generally be expected 
to perform more efficiently when the upstream sewer is laid at a sub- 
critical gradient and that, wherever practical, a form of hydraulic control 
should be incorporated as a part of the storm overflow installation. 
This would control to some degree of accuracy the maximum rate of flow 
passed forward. 

The committee undertook a survey of overflows to determine how 
many were unsatisfactory and the reasons for their unsatisfactory operation. 
Of the 849 overflows surveyed 370 were classified as unsatisfactory. 
Table 8 summarizes the reasons for the unsatisfactory classifications. 

Although the greatest number of unsatisfactory overflows occurred 
from the combined influence with neighbouring overflows, category E, it 
was the opinion of the committee that the main reason why many overflows 
were unsatisfactory was that the settings were too often below what has 
for decades been the normal standard, namely six DWF. 

5.5.4 Storm runoff attenuation and detention systems 

From replies to the questionnaires distributed for this study, 
it would seem that little consideration has been given to storm runoff 
attenuation, although balancing tanks may be constructed. It appears that 
there are no mandatory measures to restrict runoff from new developments, 
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TABLE 8. EFFECTS OF UNSATISFACTORY STORM OVERFLOWS, UNITED KINGDOM 



Effect 

A Stranding of solids in 
vicinity of watercourse 

B Effect on fish, biology 

C Operation in dry weather 

D Too frequent operation in wet 
weather 

E Combined influence with 
neighbouring overflows 

F Deposits of sludge in 
watercourse 

G Miscel laneous 



Number of 

Unsatisfactory 

Overflows 



7*» 
55 
33 

131 

149 

8 
II 
5ST 



Percentage 
Unsatisfactory 
for each reason 



17 
10 



with the exception of certain new towns, although some replies suggested 
that new developments would be opposed by the Regional Water Authorities 
if adequate drainage facilities did not exist. 

On a combined sewage system, storm holding tanks are generally 
constructed at the sewage treatment plants. The size of the tanks is 
generally based on storage for two hours of the difference between three 
DWF and six DWF ; this was found in the final report of the Technical 
Committee to be a satisfactory quantity. If the first tank to fill has 
no overflow, then the first flush is retained in this tank and would 
normally be pumped back for treatment when the storm has finished. 

At the new town of Stevenage, to the north of London, the 
discharge of storm overflows is made to the River Lee upstream from the 
water intake operated by the Metropolitan Water Board for the city of 
London. The design of the storm drainage system in Stevenage was, 
therefore, required to cause no deterioration to the quality of the water 
abstracted for water consumption and further, it was required that the 



67 



flow rate discharged to the Lee would not exceed that which it had been 
in the past. Balancing water meadows have, in consequence, been construc- 
ted which retain and attenuate the storm flows and discharge the accumulated 
waters over a period of up to 20 hours after the end of the storm. A 
number of these have been constructed, the largest with a capacity of 12 
acre feet, and each consists of an earth embankment containing a concrete 
weir with penstock control. The penstock is used to control the outflow 
and the weir, and a weir plate is used to control the storage behind the 
embankment. The maximum capacity is equivalent to a 20 year recurring 
storm, or without the weir plate, to that of a 10 year recurring storm. 
All storm water draining from trade premises is required to be passed 
through oil separation tanks before discharge to the storm sewers. Secon- 
dary oil separation tanks are provided on the storm sewers before they 
reach the balancing water meadows. It has been found that the combination 
of these tanks and the settlement which occurs in the balancing water 
meadows has rendered the water discharged downstream to be of a very 
commendable quality. No complaints have been received from the water 
authority regarding deterioration of supply. 

In paper number 73^1 [*»2] to the Institution of Civil Engineers, 
March, 1971, Hedley and King referred to work which they undertook in 
their investigation of storm runoff in a combined system in the Haunch 
Valley in the City of Birmingham. They summarized their results as follows: 

a) The oblique and side weir type of overflow afforded no degree of 
quality separation. 

b) While some relationship could be established between BOD and SS for 
the DWF, no significant relationship was discovered for storm sewage, 
suggesting that the major part of the polluting load was carried, 
either in solution, or in very fine suspension. 

c) During storms, a polluting load of considerably greater rate than that 
resulting from the sewage alone was carried off. 

d) The total excess polluting load for both BOD and SS generally increased 
with the time interval from tho previous storm. 

e) The rate at which this load was carried off varied considerably from 
storm to storm, but for intense storms, the whole of the load could 
be carried off in approximately the time of concentration and at a 
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fairly uniform rate. It was found that these results were in gen- 
eral accord with those drawn from other investigations and that the 
public sewers in the Haunch Valley were found to be self-cleansing, 
even at night. It was, therefore, concluded that it would be reason- 
able to assume that the most probable sources of this additional pol- 
lution would be the roads and other surfaces and debris flushed from 
individual house connections. 

As a result of this work, the authors considered that the 
performance of even the most efficient storm overflow would be inadequate 
to meet the future conditions of the water authorities and suggested that 
there were only three possible solutions to this problem. Firstly, to 
increase the size of the sewers and take all or a greater proportion of 
the flow to full treatment; secondly, to effectively separate the system 
of drainage; and thirdly, to provide some storage device to individual 
overflows. Both the first and second would require enormous capital 
expense and the authors considered the third method in depth. 

A scheme was subsequently prepared proposing storage units with 
double weirs, such that the lower weir discharged to storage and the 
higher weir to the water course. After the storm is over the storage 
drains back into the sewer and it is reported that the tanks are working 
precisely as anticipated. 

5-5-5 Street and sewer cleaning practices 

Although the practices vary throughout the country, it would 
appear on a broad basis that mechanical means of street cleaning are 
used in most residential and downtown areas with an average frequency 
of once per week. Sewers are cleaned only when necessary and normally by 
dragging a scraper through them. High pressure water jets are used for 
smaller sewers. Catch basins are almost universally installed to prevent 
the entry of foreign deleterious material and these are cleaned generally 
by suction. 

5.6 Qual ? ty 

Considerable work has been carried out in evaluating the 
quality of storm sewage, the quality of storm overflows and their effect 
upon the recipient streams. 



Brief abstracts from the referenced literature can do no more 
than identify the magnitude of the problem. 

The final Report of the Technical Committee, Chapter 3, gives 
the following results of an investigation carried out over a period of 
five years by the Water Pollution Research Laboratory at the towns of 
Northampton, Brighouse and Bradford, all located in the Midlands. 

Constituent Concentration (mg/1) 



Suspended Sol ids 

Permanganate Value 

BOD 

Ammoniacal Nitorgen 

* The figures are those quoted for a hypothetical overflow with a setting 
of 8.7 DWF. 

The concentration of BOD and suspended solids was checked against 
time from previous storm and, although reporting considerable scatter, the 
following table gives the approximate values measured. 

Time Interval Between Suspended Solids (mg/1) BOD (mg/1) 

Successive Storms Nor. Brig. Brad. Nor. Brig. Brad. 

1 hour 400 400 



Northampton 


Bradford 


Br 


i ghouse 


DWF Overflow 


DWF* 


Overf low 


DWF 


Overflow 


320 391 


232 


237 


113 


637 


78 41 


86 


29 


52 


53 


311 81 


257 


43 


199 


86 


43 3.8 


31 


3.1 


25 


4.9 



300 


160 


70 


40 


260 


280 


120 


50 


330 


600 


180 


60 



12 hours 700 700 

5 days 1800 1000 

The origin of the suspended solids at Northampton was concluded 
to be depositions in the old sewer system. At Brighouse, it was believed 
to be carried in with the surface water during the storm. At Bradford 
the results were difficult to reconcile. Although the average suspended 
solids during the first five minutes of overflow discharge was double 
that of the crude sewage, there was no relation between peak levels and 
time intervals. 

A very comprehensive analysis of these results is given and the 
studies amply demonstrated the difficulties of this type of research. 
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The final conclusion was that the Bradford results were inconclusive, but 
at Northampton the provision of storage of either two or six hours DWF 
would be equivalent to raising the setting of the hypothetical overflow 
from 6.2 DWF to 9 and 12 DWF, respectively. At Brighouse providing tanks 
of one, two or six hours capacity at the existing 6.2 DWF overflow would 
be equivalent to raising the setting to 9, 11 or 28 DWF. 

The work described by Hedley and King [k2] also showed the 
increase in suspended solids and BOD relative to the interval between 
storms, but in over 250 samples no relationship could be found between 
suspended solids and BOD in the storm flows. The authors also concluded 
that, since the major part of the polluting load is carried in solution or 
fine suspension, there could be no possibility of designing a storm water 
overflow to achieve quality separation. 

The Storm Sewage Overflow Symposium [k\] contains data similar 
to those referred to above. One discussion quotes the Trent Authority 
requirement that storm tank discharges should not exceed 150 mg/1 suspended 
solids; no BOD standard is imposed, and at storm overflows the authority 
required only that a certain flow shall be passed to the sewage plant, 
general ly six DWF. 

5.7 Research 

Research is undertaken by a variety of organizations and institu- 
tions and it is probable that there will be a greater coordination of 
effort in the future for several reasons. 

In the first place, the reorganization of the water industry 
has resulted in a single body having overall responsibility. Secondly, 
in early 197^, the Department of the Environment had established a Working 
Party to investigate current storm water design practice in the U.K. 
This party is now functioning, but has become the responsibility of the 
National Water Council. 

The terms of reference are as follows: 

" To examine all aspects of the hydraulic design of systems for 
the conveyance of storm water from developed areas; to assess and co- 
ordinate research projects in progress; to promote any necessary new re- 
search both in the laboratory and in the field; and to publish guidance 
and produce a manual of good practice for the design of such systems." 



Membership on the Working Party is drawn from all sides of the 
industry, and servicing of the Working Party is being undertaken by the 
Hydraulics Research Station. 

While the Working Party is required to complete its report by 
1976, it has already determined that the quality aspect of storm sewerage 
overflow should be ignored at the present time and attention should be 
directed at only the quantitative aspects of storm flows and the produc- 
tion of economical network designs. 

One of the first tasks undertaken by the Working Party was to 
identify all research projects currently in hand in the U.K. relating to 
storm drainage, the second to determine current design and performance. 
Answers to questionnaires distributed by the Working Party concerning 
research projects have been returned and are summarized in Table 9- 
Replies to those concerned with design and performance were not expected 
to be complete until mid-1975. 

TABLE 9. CURRENT RESEARCH IN THE UNITED KINGDOM 

SUBJECT DETAIL LOCATION 

Meteorology Validity of Bilham Equation Leeds University 

Urban Effects on Precipitation Queen Mary College London 

Small Scale Structure of Rainstorms University of Lancaster 

Rain Gauge Network Designs Imperial College London 

Catchment Storm Runoff Univ. Newcastle-upon-Tyne 

Studies Mathematic Modelling in Urban Hydrology Univ. of Southampton 

Hydrological Impact of Urbanization University College London 

Gloucester Joint Water Study University of Bristol 

Progressive Affects of Urbanization University of Exeter 

Flow in Pipes Bed Movement in Circular Channels Univ. Newcastle-upon-Tyne 

Flood Pulses in Pipe Flow University of Lancaster 

Polymer Additives to Sewer Flows University of Bristol 

Floodwaves in Storm Sewers Lanchester Polytechnic 

Supercritical Free Surface Flow at University of Manchester 

Bends in Steep Pipe Lines Institute of Technology 

Structures Siphon type Overflows Loughborough University 

Vortex Storm Overflows Newcastel Polytechnic 

Steeped Spillways for Reaeration University of Birmingham 
Storm Overflows with Drop in Invert University of Manchester 

Institute of Technology 
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SUBJECT DETAIL LOCATION 

Design Methods Computer aid in Drainage Design Aston University 
Hydrological Consequences of 

Urbanization Imperial College 

Urban Drainage as a Hydrologic System University of Birmingham 
Mathematical Modelling of Rainfall 

and Runoff Sheffield University 

Statistical Treatment of Urban Runoff 
Data Sheffield University 

Economics Estimating the True Cost of Drainage 

Works Aston University 

In addition, the following seven separate research establish- 
ments are working over the same broad field as the universities and 
polytechnics. 

Building Research Establishment, Garston 

Gloucester Joint Water Study, Severn Trent W.A. Tewkesbury 
Hydraulics Research Station, Wallingford, Oxfordshire 
Institute of Hydrology, Crowmarsh Gifford, Wallingford 
Local Government Operational Research Unit, Reading 
Meteorological Office, Bracknell 

Water Research Centre, Stevenage (also Water Research Centre, 
Medmenham) 

Separate from the above, but represented on the Working Party 

and working closely with all interested organizations, is the Construction 

Industry Research and Information Association. Its Sectional Committee 

for Hydraulic and Public Health Engineering includes many names included 

in the Working Party. CIRIA is a voluntary grant-aided industrial research 

association with one of its objects being the identification of needs for 

research and development. To this end it has prepared a classified index 

of Research Requirements in Hydraulic and Public Health Engineering. This 

publication was issued in draft for comment in 1972 and includes a list 

of those CIRIA research projects which had been completed by November, 

1973- CIRIA sponsored the Research Colloquium held at Bristol University 

in Apri I , 1973. 



6. GERMANY 

6. 1 Governmental Structure 

Since 19^6, the German administration has been organized into 
Municipalities, Counties and Landers in each of the three zones of occupa- 
tion. There are eleven Landers, three of which are the cities of Bremen, 
Hamburg and Berlin. The Federal government, headed by a Federal President, 
is responsible to the Bundestag, which constitutes 518 members of parlia- 
ment, including 22 representatives from Berlin. 

A second chamber, known as the Bundesrat, was created as a 
"Federative organ" of the Federation. It comprises ^1 members appointed 
by the Lander Governments, as well as representatives from West Berlin. 
These members are bound by the instructions and provisions of their 
governments. Numerous Federal laws can be passed only if the Bundesrat 
gives its expressed consent. 

Inasmuch as the Municipalities enforce Federal Lander legislation, 
they are subject to supervision by the Lander, and they must follow the 
instructions of the Lander for state tasks undertaken by them. The 
Landers, therefore, have a predominent influence over both the Federal 
legislation and its enforcement by the Municipalities. 

At the present time, the State cannot legislate in matters of 
environmental protection. Although legislation has been passed and draft 
laws prepared which the State would like the Landers to adopt, it has 
been unable to put these into practice because laws to amend the constitu- 
tion require the affirmative vote of two-thirds of the members of the 
Bundesrat and Bundestag. 

6 . 2 Historical Background 

Sewage systems have been constructed in German cities for over 
100 years. Hamburg recently celebrated the 125th anniversary of its 
wastewater system [****]. Rising water consumption, new urban development 
and the lack of construction during the war are causing new concepts to 
be developed. In 1 968 , its total sanitary sewage flow was estimated at 
more than 5 million cubic metres per year, of which only 59^ received 
mechanical and biological treatment. The remainder was discharged untrea- 
ted. By comparison, the storm sewage flow is estimated to be 2.8 million 
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cubic metres per year and it may be anticipated that the current public 
awareness of the pollution problem will cause an intensification of the 
extensive investments made in recent years to improve the environment. 
6.3 Author? ties 
6-3-1 Main regulatory authoriti es 



ities 



There are basically three separate levels of regulatory author- 
Trie Federal level, which exercises influence over policy, the 
Lander level, which is the strongest and most practical power, and the 
Conservation Authorities. 

The names of the Federal authorities and their responsibilities 
are as fol lows : 



Author i ty 

Interministeriel ler Ausschuss Wasser 
(Interparliamentary Water Committee) 
Interparlamentarische Arbeits- 

gemein schaft (interparliamentary 

Working Committee) 



Der Bundesminister fur Ernahrung, 
Landwirtschaft und Forsten (BML) 
(Fed. Dept. of Food, Agriculture 
and Forestry) 

Der Bundesminister fur Gesundheit- 
sesen (BM Ges) (Federal Dept. of 
Health) 



Responsib? 1 ? ty 

Water and sewage questions exceeding 
Lander responsibi I i ty or interest. 
Consists of Federal and Lander mem- 
bers of parliament. Federal organiza 
tion for dealing with a number of 
legislative areas including water 
supply, wastewater treatment, 
costal water protection and research. 
Together with the Lander they follow 
the financial aspects of the areas 
specified immediately above. 

Health aspects of water supply and 
wastewater, air and noise pollution. 



In each Lander there is a Wasserwirtschaf tsverwal tungen (WWA) 
with a central office, in addition to local offices in the larger cities. 
They approve projects and are represented centrally in the country by the 
Landerarbeitsgemeinschaft Wasser (LAWA) which is a central authority for 
water and sewerage technology and law. Its purpose is to have common 
problems solved collectively and to issue recommendations. The central 
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organization, the LAWA, moves its headquarters every two years from one 
Lander to another, and thus, overall, is located for an equal time in 
each Lander. 

The third, often very strong regulatory authority, consists of 
the eight main conservation authorities. These have been formed where 
the situation has become critical, and although their influence and work 
varies from one Lander to another, they may have complete charge of water 
supply and wastewater treatment within their area. Their responsibility 
can include the construction and operation of treatment plants. 

The basis for the Lander legislation lies in the "Federal Water 
Act" with its basic principle being "that water may not be used without 
a permit issued by the authorities, subject to any provisions to the 
contrary contained in the Act or in the regulations issued by a Lander 
in accordance with the provisions of this Act". The Act imposes licensing 
requirements on conservation authorities, specifies that "certain waters 
should be protected against detrimental effects in the interests of the 
public water supply, that underground aquifiers should be recharged", 
and "that the harmful effects caused by the runoff of rainwater should 
be prevented". In addition "any person who introduces or discharges any 
matter into waters or takes any action which results in their physical, 
chemical or biological constitution being changed shall be liable to make 
good damage caused to any other person as a result of this action. If 
several persons were responsible for the action, they shall be jointly 
and severely liable for any damage" [k5] . 

In addition, each Lander has its own laws (Landeswassergestz) , 
established by 1962. In October, 1 96^ , these laws were compared with 
the Federal Act, and it was concluded that the Federal law was not adequate. 
Since December, 1970, work has been proceeding in order that the Federal 
Law may be changed to accord with the "Program for the Protection of the 
Human Environment", which has the following as its five main goals [M] : 

1) To promote long term environmental planning, through updated protective 
legislation and the integration of the regulatory authority. 

2) To establish the principle "the polluter pays" (originator principle). 

3) To establish a technology for environmental control compatible with 
economic cr i teria. 



k) To increase the general public awareness of its environment. 
5) To promote international cooperation. 

The Federal government is presently attempting to coordinate 
the legislative efforts of the various Landers in order to establish 
a national pol icy. 

6.3.2 Subsidiary authorities 

In addition to the large self-governing authorities, there 
are others which have limited responsibilities such as water supply 
(municipal and industrial), wastewater treatment, receiving water regula- 
tion and quality, and the assurance of recreation areas and/or an ecolo- 
gical balance. These often may serve public interest by providing support 
for, or against, a particular project at public hearings, although the 
elected representatives of local government normally fill this function. 
The hearings themselves may derive from private citizen initiatives. 
These groups often have considerable influence on decisions, partly because 
of participation by the academic communities. 

The Abwassertechnisehen Vereinigung (ATV or Wastewater Technical 
Association) is a professional society concerned with wastewater treatment 
associated pipelines and other relevant works. 

A new association was formed in 1971 called the Dokumentatrons- 
zentrale Wasser (Central Library for water and wastewater publications). 
In addition to the obvious field of interest, it also includes hydromechanics, 
water chemistry, geology, meteorology, biology, etc. [47]. 

The Deutscher Normenausshuss (German Standards Association) 
compile and publish (DIN) standards. 

International authorities have been established with responsi- 
bilities for the Bodensee and the Rhein. Their responsibilities include 
the provision of technical guidance through their publications (e.g. [48]) 
dealing with storm relief devices. 

6.4 Financial Considerations 

Conservation authorities are financed by member municipalities 
and industrial contributions and/or fees. Additional money is made 
available through Lander and Federal funds. 



If a project is approved by the authorities and if it is 
constructed to at least minimum standards set by the government, then 
subsidies are available. These amount to approximately 32 percent for 
new sewers and 26 percent for treatment plants, with local variations as 
high as 50 percent. 

The funding authority ensures that the subsidies are properly 
utilized to further its policies and that the standards of design and 
construction are in accord with its requirements. 

6. 5 Design Practices 

6.5.1 Sanitary sewers 

New sanitary sewers are usually designed as gravity sewers. In 
some of the low-lying cities with limited natural fall, many sewers are 
designed to flow full all the time. The flow is initiated by surcharging. 
In addition, pressurized sewers exist in connection with lift stations. 
Pressurized and vacuum sewers have been constructed only where special 
conditions have rendered gravity systems uneconomical. 

Experience exists with pressure sewers [49] from two areas 
with slopes as nominal as one in 5,000 and a very high water table. 
One area has a population of 1 ,400 and the other 80 year-round plus 1,000 
seasonal. Including pumps and tanks, the construction cost was stated to 
be only 20% of a gravity system. Each household is responsible for the 
cost of the individual tank and operation. It is claimed that this does 
not cost more than the average gravity system connection. Although it is 
admitted that further developmental work is necessary, it is considered 
that the system is ready for practical use when economically justified. 

Another municipality has used pressure sewers having a total 
length of 260 miles for almost 100 years. Pressures up to approximately 
180 psi are used. The pipes are usually made of ductile iron, but 
cement-lined steel pipes and asbestos cement pipes are also used. Another 
city has allowed pressurized sewers since 197**, subject to city criteria. 

In the case of partially separated sewer systems, the practice 
as to what source of wastewater drains into the sanitary and storm sewers, 
respectively, varies from one municipality to the next. The basic principle 



is that no sanitary sewerage should drain into the storm sewer system. 

The maximum capacity of sewage treatment plants is usually 
twice the dry weather flow for biological treatment, although wide 
variations exist [k?]. One city considers it favourable to treat 2.6 
times the dry weather flow. Many provide 5-1 times the dry weather flow 
with biological treatment and 8.6 times the dry weather flow with 
mechanical treatment. In one Lander, numerous plants are capable of 
providing 17 times the dry weather flow with mechanical treatment. In 
addition to this rather high treatment capacity, storm holding tanks with 
a capacity of 15 - 25 minutes detention with sedimentation are provided. 

Direct comparisons with German dilution figures cannot be made, 
since the dry weather flow is established by distributing the total daily 
flow over 14 hours, instead of 2k as is done in North American practice. 
The figures quoted in the above paragraph have been converted to the North 
American practice. It should be noted that design flow is shown as an 
addition to the dry weather flow. For example 1 + 3 is four times dry 
weather flow [**7] . 

6.5.2 Storm sewers and treatment 

A one-year storm of 15 minute duration is the storm most used 
for new sewer systems, although two-year storms are used in some munici- 
palities for densely populated areas or special structures, such as 
tunnels or storm holding tanks. 

There is substantial conflict as to how runoff should be cal- 
culated. The various methods are given in references hi and 50-56. The 
most common method of computing runoff has been Reinhold's method. But 
a consensus of opinion is that this method should not be used for larger 
municipalities. One Lander considered the limiting size to be 5,000 
inhabitants. Runoff values for different geographical areas for the one 
year storm are given in the design handbooks, together with modifying 
formulae for calculating other storm intensities. 

The storm hydrograph, which is used in the Keser method, is 
based on the design storm derived from long term measurements taken prior 
to and after the second world war. It is considered inadequate by some 
observers, since up to 50% of the storms do not conform to the curve and 
its frequency is not known [50]. 
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The rational method for computing runoff is gaining ground, 
especially as cities grow, but some of the larger cities are using simula- 
tion models and computers, and for these several synthetic storms are usually 
considered to prove the model. 

To date, new storm sewer systems have not been concerned with 
the quality factors due, no doubt, to the priority of catching up with 
untreated sanitary sewage. It is interesting to note, however, that 
new sewers are usually designed as combined systems on the assumption that 
both the sanitary and storm sewage will have to be treated in due course. 
The storm sewer is only separated when the pollutional storm water load 
is low and the receiving waters are suitable. 

A notable exception is the city of Hamburg, which is low-lying, 
and where all new construction will be of separate systems. Here, however, 
it has been decided that the first flush shall be treated, but the design 
method has not been determined. This anticipates the proposed new legis- 
lation which will require that storm water and overflows shall be treated. 

The majority of designers and authorities design sewers for 
gravity flow, but allow infrequent surcharges provided no damage is 
caused to serviced lots. In one case, most sewers flow completely full 
since the city is flat and the system is submerged [hk, k7] . 

6.5-3 Storm runoff attenuation and detention systems 

Storm runoff is frequently attenuated by storage in holding 
tanks or artificial ponds and occasionally ponded in order that ground- 
water might be replenished. Although not mandatory, it is quite common 
to use interlocking concrete blocks instead of an impervious cover for 
sidewalks and boulevards, thus increasing infiltration. 

Storm holding tanks are commonly constructed at sewage treatment 
plants except where the systems are separate, and even if the tank is not 
constructed immediately, space is reserved for later construction. The 
tanks are usually designed to ATV standards which require a 15 to 20 
minute detention period based on the difference between maximum combined 
sewer flow to the plant and the plant mechanical treatment capability. 
The construction cost is considered to be the prime factor determining 
detention period in storm holding tanks [57, 58]. 



Local conditions, as well as hydraulic maintenance and cost 
criteria, determine the type of storm storage system to be used, but 
there is a definite preference for constructing the tanks as fully covered 
below ground structures. Very often they are located in natural depres- 
sions and, occasionally, large diameter parallel pipes have been used 
to increase the storage. One of their main problems is the sedimentation 
which occurs within the tanks and ATV publications [^7, 59] give recommen- 
dations on how this and the associated digestion may be avoided. Also, 
in order to decrease maintenance costs, automatic scrapers and high 
pressure jets are installed for cleaning out the base. 

Provision is often made for treating the capacity of the 
tank within the tank, although the sediments are always pumped to the 
main plant for treatment. Although the treatment plant effluent is limited 
by law to a maximum BOD value of 25, this is not enforced by many of the 
Landers and the newly drafted law proposes a gradual decrease in the 
COD requirements for storm water from 80 through kO and 15 to 0; this is 
not considered practical by many observers. 

Field studies of sewer systems have been carried out both to 
check flow and quality. Field studies are not commonly undertaken since 
personnel and funds are stated not to be available to conduct them properly. 
Consequently, some researchers have criticized the measurements already 
taken by those municipalities on the basis that the results do not justify 
the expenditures made. 

6.5-^ Overflows 

There is no fixed policy regarding the control of overflows, 
although where a policy is established it is usually based on the quality 
of the receiving stream. An ATV publication [60] requires a dilution 
of the dry weather flow between 1 x 8.6 to 1 x 12 before overflow takes 
place; it is anticipated that this may be increased in the near future to 
1 x 19 or 1 x 36. 

The efficiency of present design standards has been investigated 
[59, 6 1 , 62] and new proposals made. One author considered that the 
number of rainfalls with determined intensities, and the intensities 
of rainfalls preceeding or following heavy storms, are of great import- 



tance for the design of storm sewers and their special structures. 
These influences have been analyzed by means of evaluation of rainfall 
measurements. The intervals between successive storms are presented, 
which must be taken into account when computing retention basins. 

Runoff coefficients, which are variable with time, have a 
great influence on overflow data, especially for steep slopes of urban 
surfaces, and on the volume of retention basins. New proposals for the 
calculation of these basins have been submitted. 

The most common form of overflow is the weir. No attempt 
has been made to have the overflows controlled on a quality basis, nor 
has any work been done on dynamic regulators. American research is followed 
closely and in Hamburg it is planned to use inverted siphons to prevent 
the deposition of solids. Computers have not been used to maximize 
storage within a sewer, but is planned in one location, although it is 
felt that this is slightly premature and that the necessary probes and 
sensors have not the high degree of reliability required for such a 
system. The general feeling is that a more effective and reliable system 
could be achieved through increased overflow dilution rates and the 
construction of combined sewer clarification tanks and detention systems 
[58, 62-66]. 

6.6 Qual i ty 

The Ministry of the Interior recently requested that the 
consultant firm of Rudolf Lautrich VBI and Dr. Ing. R. Pecher prepare 
an "opinion report" (Gutachten) on the subject of runoff from urban areas 
and its effect on recipient pollution. It was published early in 197^, 
and contains an up-to-date account of the quality and composition of 
sewage and a comparison between combined and separate systems. The effect 
of the runoff on the recipient quality was analyzed for both separate and 
combined systems. The determined difference between the composition of 
storm and sanitary sewage is given in Table 10 [67]. 

Using average population densities and sanitary sewerage loads, 
the average yearly pollution load discharged to receiving waters was 
computed. These values, summarized in Table 10, have been included in the 



TABLE 10. AVERAGE COMPOSITION OF STORM AND SANITARY SEWAGE, GERMANY 



Parameter 



Unit 



BOD 


mg/1 


COD 


mg/1 


Total sol ids 


mg/1 


Suspended sol ids 


mg/1 


Volat i le sol ids 


mg/1 


Total phosphorous 


mg/1 


Total col i form 


no/ml 



Storm '• 


Sani tary •*•--'• 


Runoff 


Runoff 


A0 


J*00 


125 


800 


1,390 


1 ,200 


773 


600 


2. 1 


80 


1.9 


20 


2,500 


.o 6 



* Yearly mean 

''••■ Based on 150 litres/person/day 

effect of storm runoff from urban areas. They have been estimated with the 
assistance of numerous investigations, and data obtained from various 
domestic and foreign reports and research. Comparisons were also made 
with foreign data. 

The quantity of storm runoff was computed to be 250,000 Igal/ 
acre/year (2,800 m /ha/yr), compared with 4^6,000 Igal/acre/yr sanitary 
sewerage (56%). A comparison with the United States indicated that the 
ratio there is in the order of k0%. 

Next, the content of pollutants was established for both separate 
and combined systems, and their effect on the recipient was computed 
Allowance was made for the mechanical treatment of storm water in separate 
systems, and biological treatment for the storm water that does not over- 
flow in combined sewers. 

It was found that the annual load of pollutants in a separate 
storm water system was similar to the loading from a biological treatment 
plant. By treating all storm water in a separate system with the help of 
sedimentation tanks, the pollutional load could be decreased to half of 
that of untreated storm water. 

The value at which overflow begins is called the "critical 
rain intensity". Commonly used today is 0.071 cu ft/sec/acre. This 
value results in a recipient pollutional load similar to that of a 
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separate system biological treatment plant effluent, because of the storm 
runoff in the combined system. If the critical intensity is raised from 
0.071 to 0.213 cu ft/sec/acre the recipient pollutional load can be 
reduced to half. Further reduction can be obtained by constructing 
detention systems such as storm holding and overflow tanks. If the 
critical rain intensity exceeds 0.213 cu ft/sec/acre, little is gained 
by constructing detention systems, except for the reduction of shock 
loads on the system. 

One study [68] indicated that the quality of storm sewer runoff 
can be improved by: 

1) increased street cleaning; 

2) cleaning catch basins regularly; 

3) continued air pollution abatement and control; and, 

*0 construction of storm holding tanks with 10-20 minutes detention time 
and treating sediments. 

However, the cost of construction, operation and maintenance of the holding 
tanks is high in comparison with their effectiveness. 

A study on combined sewer runoff quality [69] questioned whether 
biological treatment to above 90 percent BODj. reduction (no values above 
20-25 mg BOD litre) is necessary and suggested that government guidelines 
be reassessed. The same author considered that a combined system arrange- 
ment with overflows and storm holding tanks could economically treat 
up to twice the dry weather flow, providing the following criteria were 
met : 

1) The holding tank, once filled, should retain its load until the storm 
is over. 

2) Content of tank should go to biological treatment. 

3) The tank volume must be sufficiently large to allow storage for a design 
storm of 15 minutes duration. 

In addition, the load that could be applied to a recipient would 
be dependent on its subsequent uses and on its self-cleaning ability. 

If the recipient is sensitive, it must be kept free of additional 
load. An increase in treatment plant capacity is concluded to be techni- 
cally difficult and economically unjustified. The treatment of storm 
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runoff, which is technically simple, is considered a more economic 
measure. 

6.7 Cleaning Practices 

Downtown and suburban streets are usually swept weekly. Local 
variation occurs, with downtown streets generally being swept more frequent- 
ly. For this purpose mechanical sweepers are used. It is considered 
that streets are cleaned for sanitary and aesthetic reasons. 

Snow is usually ploughed to the side of the road and left to 
melt, except on downtown streets where it may impede traffic. Here it is 
removed and dumped, either in rivers or at snow dumps. However, most 
cities do not consider snow a major problem since storms are infrequent 
except in southern Germany. Likewise, the use of salt as a de-icing 
agent is very limited, and heavy metals are not considered serious snow 
contami nants . 

The most common method of maintaining sewers is by high pressure 
flushing. Some cities use a cleaning shield, which is a device that is 
inserted in the sewer causing the water to back up on the upstream side 
with a small discharge at the base causing sediments to be flushed down- 
stream as the shield moves slowly through the sewer; sewers are not flushed 
during dry weather. Catchbasins are installed on new storm sewers and 
these are usually cleaned twice a year by suction pumps. 

6.8 Standards 

Uniform standards are followed only to a limited extent, with 
the exception of those from two organizations, whose publications are 
usually adhered to firmly by The Water and Sewer Technology Approval 
Authorities of the various Landers. 

The first are the DIN standards which deal with material speci- 
fications, excavation criteria and limited design guidelines. Secondly, 
the ATV publishes guidelines and directives for the construction of 
treatment plants, sewers and related structures. Among the more interes- 
ting are directives for choosing between a combined or separate sewer 
system, and directives for designing overflows in combined systems. In 
1973 the ATV also published a sewerage system design handbook which 
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includes recent methods of computing runoff, storage volumes, etc. In 
all, these provide a good account of the present technical state-of-the- 
art in Germany [**7, 57, 60, 70, 71, 72]. 

It is the opinion of some observers that the ATV design guide- 
lines are becoming outdated by recently acquired knowledge and changing 
requi rements . 

6.9 Benef i ts Achieved 

It is the opinion of some that, by the construction of treatment 
plants and holding tanks, the Germans have only just managed to prevent 
an increase in the total pollution load to its lakes and streams. The 
reasons are several, but the most outstanding is the war and its after 
effects. Post war construction only gradually resumed in the 1960s. 
Additionally, the growth of industry has been phenomenal, thus resulting 
in substantially greater loads to be handled by treatment plants and 
receiving waters. 

Exceptions definitely exist, such as the Ruhr and Seen, where 
definite improvement has been achieved through extraordinary abatement 
schemes . 

6. 10 Research 

Most research in Germany is funded through the Federal Ministry 
of the Interior (EM fur Forshung & Technologi, 53 Bonn Postfach 912*4, 
Heusallee 2-10) and through a German research organization (Deutsche 
Forschungsgemeinschaf t) . The research is generally carried out by the 
universities and the large Conservation Authorities central laboratories. 

The fields into which the majority of research is, and has been, 
directed deal with the amount and quality of urban runoff, mathematical 
models for hydraulic computation, and quality assessment of sewer systems 
and recipients. 

It was not possible to identify all the research projects being 
undertaken, but it was noted that Aachen University is undertaking a 
study into the composition of storm runoff, and Dortmunder University is 
studying the oxygen demand on the recipient streams using a simulation 
model. Analyses of a sewer network simulation model are being initiated 
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at both universities for conventional flow and non-steady flow, includ- 
ing pollution load parameters. At the University of Hanover two interest- 
ing projects are being studied. The first concerns a multi-variable 
statistical analysis of the characteristics which cause precipitation 
variations, such as nonuniform rainfall, distribution, storm centre and 
storm tracks, quantity and duration. The second model is using results 
from the first to calibrate a simulation model for urban watersheds 
based on the unit hydrographs theory and applying it to areas with very 
different characteristics of size, slope, runoff coefficients and conduit 
geometry. 

A number of researchers considered that more work should be 
done on the determination of the sewer system mathematical models input 
hydrographs, the physical measurement of flow in sewers, and also in 
proving the capabilities of the numerous available models. Another source 
considered the Dorsch and Kock-WRE models to be the only we 1 1 -developed 
and proven models in Germany today. 

Money is considered available for research in Germany, but 
unfortunately there is a lack of centralized coordination and guidance. 
Since much research is done at the universities and is tied in with the 
prime objectives of obtaining academic degrees, the work is not always 
tailored to the best needs of the practicing professions in the pollution 
abatement field. 

Table 11 is a list of some of the ongoing and completed projects 
Unfortunately, the short time allowed for this study made it impossible 
to obtain a complete list of relevant research. 
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TABLE 11. CURRENT RESEARCH IN GERMANY 



Project Description 



Institution £ University 



Composition of Storm Runoff 
(Results to be available 75/76) 



Recipient Load Model Based on 
Oxygen Demand 



Sewer Network Simulation Model 

a) Conventional analysis 

b) Unsteady flow, including surface 
runoff and pollutant load para- 
meters 



Precipi tat ion Analysis-Precipitation 
Statistics (Applying the multi- 
variable variance analysis as a 
statistical method, being done in 
hydrology for the first time, it is 
possible to determine area-depending 
precipitation characteristics such as 
nonuniform rainfall distribution, storm 
centres and storm tracks, rainfall 
quantity and duration, on the basis of 
probability theory) 

Rainfall Runoff Prediction in Combined 
Sewer Networks. (Calibration of a 
simulation model for urban watersheds 
which is based on the unit hydrograph 
theory applicable to areas with very 
different characteristics such as size, 
slope, runoff coefficient and conduit 
geometry. Simulation of recorded 
rains for the determination of the 
actual runoff frequency, sewer overflow 
volumes and the organic pollution to the 
recipients.) 



Lehrstuhl fur Siedlungswasserwi rtschaf t 
Rheinisch-Westfal ische Technische Hochs- 
chule Aachen 
51 Aachen 

Mies-vah-der-Rohe Strasse 
Templergraben 55 

Das Ubergrei fende Institut fur Umweltschutz 

und Umwel tguteplanung 

Universitat Dortmund 

hd Dortmund 

Haus Weichen 

Rosemeyer Strasse 6 

Das Ubergreifende Institut fur Umweltschutz 

und Umwel tguteplanung 

Universitat Dortmund 

^♦6 Dortmund 

Haus Weichen 

Rosemeyer Strasse 6 

Lehrstuhl und Institut fur Wasserwi rtschaf t , 

Hydrologie, und landwi rtschaf tl ichen 

Wasserbau 

Technische Universitat Hannover 

D-3000 Hanover 

Cal 1 i nstrasse 15 c 



Lehrstuhl und Institut fur Wasserwi rtschaf t , 

Hydrologie, und landwi rtschaf tl ichen 

Wasserbau 

Technische Universitat Hannover 

D-3000 Hannover 

Ca 1 1 instrasse 15 c 
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TABLE 11. (CONT'D) 



Quality analysis of overflows with con- 
tinuous sampling in order to relate the 
pollution of the recipient before and 
during the storm. 

Evaluation of long term organic 
pollution for recipients and establish- 
ing criteria for the design of overflow 
structures . 

Solving the St. Venant equations by 
applying a hybrid computer. (This 
has been done for a sewer-storm 
detention tank - throttled discharge 
pipe system and good agreement has been 
reached with actual events. Hybrid 
simulations of meshed sewer networks are 
developed which permit future regula- 
tion of sewer systems.) 
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7. SWITZERLAND 

7. 1 Governmental Structure 

In Switzerland, there are three levels of government: the 
Confederation, corresponding in some ways to the Canadian Federal Government; 
the Cantons, similar to the Provinces; and, the Communes, equivalent to 
Municipalities. However, the authority of each level of government varies 
greatly from that exercised by the Canadian counterparts, in that the 
Communes have a very high degree of autonomy, while the Confederation 
has authority only in certain areas. Outside these areas, conformity to 
requirements is by persuasion - usually in the form of grants - rather 
than by legislation. 

In the field of environmental protection, the Confederation has 
passed certain regulations; enforcement is by witholding grants. 

7 . 2 Background 

This country was formed by a comparatively loose association of 
the various Cantons and Communes for defense against invaders, and the 
development of the country has followed this pattern. The Cantons have 
considerable authority, while the Communes are very autonomous and 
jealously guard their right to govern thier own affairs, while the 
Confederation has little authority over local matters. However, it is 
generally accepted that, in matters of general concern, the Confederation 
will, as a representative body of the whole country, produce regulations 
which everyone will follow. 

Switzerland is a basically rural country, with few large cities 
and little heavy industry. It has practised environmental control for 
nany years, to such an extent that the penalty for cutting down trees 
without permission was, at one time, death. 

7 . 3 Author i t ies 

7.3-1 Main regu latory author i ty 

The main regulatory authority is a national body, the Federal 
Office for the Protection of the Environment in Berne. 



7-3-2 Subsidiary authorities 

In regard to sewerage and drainage, it is not totally correct 
to call the Cantonal authorities subsidiaries, as they exercise as much, 
if not more, authority over the Communes than the Confederation. In any 

case, the Cantons have the power to apply stricter controls than the 

Confederation requires. 

f-fk Financial Considerations 

Financial considerations naturally play a role in the establish- 
ment of sewerage systems and construction of treatment facilities. Basically, 
each Commune is responsible for funding the cost of installation and 
operation of new facilities. However, to encourage the Communes to 
install sewerage systems and treatment plants, both the Confederation and 
the Canton in question make grants to the Communes for the construction 
costs. 

The federal grant system is applied right across the country, 
while each Canton has its own method of assessing the contribution that 
the Cantonal authorities will make to the communities under their jurisdic- 
tion. 

Under the grant structure for the Canton of Vaud, the cost 
of a sewerage system is divided by the number of persons served by the 
system, and the rate of subsidy is then read from a table, in terms of 
the financial capability of the community. This rate can vary from 201 
for Class 1 (very rich) to 50% for Class 12 (very poor). 

Under the Federal plan, the rate of subsidy is tied to the 
National Defence budget (the federal income tax paid). The taxes paid 
are then compared to the average across the country, and the rate of 
subsidy is adjusted as shown in Table 12. 

It should be noted that the financial status of the Canton in 
which the community is established is also taken into account in calcula- 
ting the subsidy. 

The combined federal and cantonal grants in the Canton of Vaud, 
for example, can reach a maximum of $0% of the cost of the works. 
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TABLE 12. SWISS FEDERAL SUBSIDIES FOR SEWERAGE SYSTEMS 

Federal Subsidies (%) 

Federal tax paid in the 

community as a percentage Cantons with a Cantons with a Cantons with a 

of the average for the low financial medium financial strong financial 

whole country capabi 1 i ty capabi 1 i ty capabi 1 i ty 

50.0 **0 30.0 

J47.5 38 28.5 

J45.0 36 27.0 

*»2.5 3*4 25.5 

*40.0 32 2*4.0 

37.5 30 22.5 

35.0 28 21.0 

32.5 26 19.5 

30.0 2*4 18.0 

27.5 22 16.5 

25.0 20 15.0 

22.5 18 15.0 

20.0 16 15.0 

17.5 15 15.0 

15.0 15 15.0 

If, during routine pollution control tests carried out by the 
authorities - usually the Canton - or following complaints by neighbouring 
communities or individuals, a definite need for treatment facilities is 
shown to exist, it can be seen that financial considerations play only a 
minor role in the decision to install them. 

7.5 Standards 
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The selection of a combined or separate system for a particular 
municipality is normally made on the basis of a benefit/cost appraisal of 
the various possibilities; no definite doctrine is established by code. 
However, in general, new networks connecting into existing systems are 
similar to those into which they discharge, while completely new networks 
tend to be separate. 

The main standards for calculating storm runoff are issued by 
the Swiss Standards Association (SNV) , and consist of three separate 
directives. SNV 6*40 350 governs the determination of the rainfall intensity, 
6*40 351 the time of runoff, and 6*40 352, the quantity entering the drain- 
age system. These may be briefly summarized as follows: 



Rainfall intensity is based on the formula 
r = K/(T + B) 

where r = the mean intensity during a period of T minutes for 

a "z" year storm (litre/hectare) 
K = a coefficient of the interval "z" and the location 
z = the interval during which the rainfall has reached or 

exceeded a given quantity (years) 
B = a constant for a specific location (minutes) 
T = duration of the rainfall (minutes) 

The constant K is given in the standards for each zone for 1, 
2, 5, 10, 15 and 20-year storms, and B is given for each zone. Both 
constants have been developed as a result of pluviographic measurements 
at different stations, and by the application of statistical analyses. 

Runoff time (T ) ?s dependent upon the length of the line of 
drainage (LA in metres), drainage coefficient Y which depends upon 
the ground cover, the coefficient K (from rainfall intensity) and the 
mean slope of the line of drainage (%) . 

T A = (12 L A )/ |f 5/3 K 2/3 /T) + 5 

The total quantity is calculated by the formula 

. /-RED , _ RED* 
Qr = (F + a F 2 ) r 

RED 
where F = the surface of the roadway and the adjacent ground, 

reduced by the appropriate flow coefficients 

RED 
F. = the remainder of the contributory area, reduced by its 

flow coefficient 

r = intensity of rainfall 

a = a reduction coefficient defined in the standard 

7. 6 Design Practices 

7.6.1 Sani tary sewers 

Sanitary sewers are designed on a free-flow gravity basis, and 
great attention is paid to the actual construction in order to eliminate 
infiltration. All pipelines are tested under pressure; the maximum 



infiltration permitted is 0.3 litres/sq metre of pipe wall/hour under 
a pressure of 0.3 metres of water. 

The capacity of sewage treatment plants varies according to 
the local circumstance. Some are designed for only twice dry weather 
flow, while others have a capacity of five times dry weather flow calcula- 
ted at the H-hour concentration. To allow for future development, plants 
are designed for flows of 1.33 gal/sec/acre (15 litres/second/hectare). 

Treatment is by mechanical and biological means, with some new 
plants being designed for chemical treatment as well. Storm water 
retention tanks are normally installed, and are sized to retain an amount 
equal to the difference between the admissible biological load on the 
receiving waters and the quantity overflowing. The contents of the tank 
are pumped back to the treatment plant for treatment. 

7-6.2 Storm sewers and treatment 

Storm sewers are normally designed for a 10-year storm of 15 
minute duration. However, in some cities, a 20-year storm is used for 
midtown areas, a 10-year for surrounding residential, and a 5-year for 
more suburban areas. 

Road drainage (freeways) is based on a 10-year storm within 
built up areas and a 5-year storm elsewhere. 

Sewers are generally designed as free-flow gravity systems; 
surcharged systems are generally avoided because of the possibility of 
basement flooding. The quantity of storm water collected by the sewer 
system is arrived at by a comparatively simple but lengthy calculation 
elaborated in SNV Standard 6^0 352, which takes into account the types 
of ground cover, mean gradient of the catchment, time of runoff, etc. 

Treatment of storm water discharges is not generally anticipa- 
ted. 

7-6.3 Storm runoff attenuation and detention systems 

In general, storm runoff attenuation is practised by the 
installation of retention basins or tanks where a direct discharge would 
cause sudden rises in the levels of the receiving waters, or, in the 
case of combined system overflows, where the overflow would cause excessive 
pollution of the receiving waters. 



In the case of retention tanks or basins on separate systems, no 
treatment is envisaged, while for overflows from combined systems, either 
the contents are discharged to the receiving waters without treatment, 
at a controlled rate, or they are pumped back and receive full treatment 
in the plant. 

Local conditions are the prime consideration for attenuation and 
detention systems, but cost is also a determining factor. In most treat- 
ment plants or combined systems, if retention tanks are not constructed 
immediately, space is normally reserved for future construction. 

Field studies are carried out to check the operation and 
state of existing systems, to measure flows and for maintenance purposes. 
Extensive studies are, however, rarely undertaken because of the amount 
of work required to produce what may be results of dubious value. 

7.7 Qua 1 i ty 

Up to the present time, very little attention has been paid to 
the quality of runoff or storm overflows. However, it is now becoming 
more recognized that quality is important when considering the overall 
effect of discharges on the receiving waters. The Swiss Federal Institute 
for Water Resources and Water Pollution Control recommends that, in 
combined systems, mechanical treatment be applied to light rainfalls, 
heavier falls be diverted to holding tanks fitted with scum-boards, the 
contents of which are cycled through the treatment plant, and heavy storms 
be diverted directly to the receiving waters. Thus, the first flush 
will be caught and held for treatment while the following waters will 
be diverted without treatment. 

7.8 Cleaning Practices 

Cleaning of the streets is a municipal matter and varies con- 
siderably with the community. In Zurich, downtown streets are swept ten 
times a week, and washed as required at very irregular intervals. Subur- 
ban roads are swept at much less frequent intervals and washed depending 
on the necessity and the weather. In Lausanne, downtown streets are swept 
once a day and washed once a week, while suburban streets are swept once 
a week and washed once a month. 



Sewer cleaning is again up to the municipalities and various 
systems have been set up. In the old City of Zurich, sewers are cleaned 
every two months, while in other sections of the city they are cleaned 
every three years. In Lausanne, due to the gradients, cleaning is seldom 
required. In general, a systematic program has been established whereby 
all the sewers in a network are cleaned every three years. 

Catch basins are cleared out by means of suction pumps or hand 
shovels up to three times a year. 

Snow is normally just ploughed to the side of the road and 
allowed to melt. If there is a very heavy fall and the snow banks present 
a threat to the safety of people or vehicles, the snow will be removed 
and dumped into the lakes or rivers. 

7-9 Overflow Design 

No firm policy has been established regarding overflow design. 
Control is normally by side or end weirs; two types of regulators are 
often used, the "Leaping Weir" and single or double blade weirs. Normally 
the weirs are set to divert flows of more than five times the OWF . 

7-10 Benefits Achieved 

Due to the nature of the country and its receiving waters, 
storm water runoff and combined sewer overflows have had little overall 
detrimental effect, and it must be recorded that virtually no benefits 
have been achieved from storm water treatment, as little treatment has 
taken place. The main benefit that will be realized by the construction 
of future treatment plants will be the preservation of the quality of the 
water, rather than the rectification of a problem. 

7.11 Special Considerations 

Each city and region has to be recognized as having particular 
problems to be solved and visits were made to the City of Lausanne, the 
Canton of Geneva and the Bureau des Autoroutes du Canton de Vaud. 

The City of Lausanne is built on seven hills and is character- 
ized by the quite steep slopes, with only a small flat area along the 
lakeshore. For reasons of economy, the shoreline area is serviced with 
separate sewers, while the rest of the city has a combined system. Only 



the shoreline area requires pumping stations, the rest of the city is 
drained by gravity to the treatment plant. The overflow weir diverts 
the storm flow when it exceeds *f.6 times the DWF , and the overflow is 
discharged directly into the lake without treatment. 

Lausanne, until recently, swept all its streets by hand, but 
with the cost of labour rising rapidly, mechanical sweepers are now 
being used to a great extent. One peculiar problem that existed in the 
city, mainly due to the gradients on the streets, was dust generated 
by the use of studded tires on dry pavements. This dust was so fine 
that it was not picked up by the sweepers and so was flushed down the 
sewers by rain, did not settle out in the treatment plant, and appeared 
as an obnoxious, albeit inert, film on the surface of the lake. The 
problem had a very simple solution; studded tires have now been banned. 

Cleaning of the sewers presents no problems. The slopes of 
the streets are sufficiently steep that velocities maintained are suffi- 
cient for self-cleaning. In fact, high velocities are more of a problem 
than low ones . 

In the Canton of Geneva the problem of pollution by storm water 
is probably worse in the rural areas than in the cities. Farmers who 
find that a certain quantity of fertilizer per hectare will double the 
crop, will use three times the amount the next season. The plants can 
assimilate only some of the fertilizer and the remainder eventually gets 
washed into the watercourses because of the general ground gradients of 
the farm land, creating a high nutrient situation which contributes to 
a rapid plant growth. This will probably be overcome by education of 
the farmers, coupled with the rise in prices of petroleum derivatives. 

In the cities, at the present time, the combined sewer system 
is virtually universal, but whenever new construction is realized, 
entirely separate systems must be installed as far as the property line. 
Thus, when a whole area is redeveloped, a truly separate municipal system 
can be installed at a minimal cost to the community. 

There is no treatment of overflows from the existing combined 
system, and treatment of storm water is not anticipated when separate 
systems are installed in the future. 
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For the Autoroutes, design criteria are laid down by the 
Confederation, and all drainage systems are designed in accordance with 
the Swiss Standards Association documents SNV GkO 350, 51 and 52 which 
detail the calculation methods for rainfall intensity, runoff time, and 
discharges, respectively. 

When Autoroutes are constructed in accordance with the Confed- 
erations^ requirements, the Confederation makes a grant to the Canton 
of a very substantial portion of the cost of such a highway. 

Autoroute drainage is designed throughout for a 10-year storm. 
The quantity of water to be carried by any particular section of piping 
is determined by a lengthy, but comparatively simple calculation, the 
format of which is detailed in Standard No. SNV 6^*0 352, taking into 
account the type of terrain adjacent to the section of highway, the time 
the water takes to reach the gutters, and the time it takes to run from 
one section of gutter to the catch basin, as well as the intensity of 
the storm and the catchment area. 

Abrasives and chemicals are used in minimum quantities, and 
are not considered serious pollution problems. The chemicals are 
dissolved in the snow melt, and are sufficiently diluted to pose only a 
minor problem, while the abrasives are caught by the catch basins, which 
are cleaned out on a regular basis at least once a month. 
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APPENDIX I 
ADMINISTRATION OF RIVER POLLUTION CONTROL IN THE UNITED KINGDOM* 

1. The Secretaries of State for the Environment and for Wales 
exercise the central government functions relating to control of water 
pollution. These include power to direct the variation or revocation of 
a river authority's consent to a discharge; to confirm byelaws; to 
determine appeals; and to act in the event of default by a river authority. 
Guidance is given by circulars and technical memoranda to river authori- 
ties and sewerage authorities on various matters affecting water quality. 
There is close liaison between the Departments and river authorities and 
local authorities on both technical and administrative matters. Standing 
technical committees advise the Secretary of State for the Environment 

on the effects on rivers of the use of synthetic detergents and related 
products; and promote and co-ordinate studies of practical problems 
related to water quality both generally and in particular catchment areas. 
Other committees and working parties are appointed to examine special 
problems as they arise. 

2. The executive powers for prevention of pollution of rivers 
and canals in England and Wales are exercised by twenty-nine river 
authorities"-''-, including the Thames Conservancy and the Lee Conser- 
vancy Catchment Boards. In addition the Port of London Authority exercises 
powers over the tidal Thames and the Tidal parts of its tributaries, while 
the Greater London Council has responsibility for prevention of pollution 
in the non-tidal parts of the tributaries in the London Excluded Area. 

A bare majority of the members of the river authorities are appointed by 
the county and county borough councils or London borough councils in 
their area. The rest of the members are appointed by Ministers. The 
Secretary of State for the Environment, the Secretary of State for Wales 
and the Minister of Agriculture, Fisheries and Food, either individually 
or jointly, appoint one or more members qualified respectively in public 
water supply, industry other than agriculture, and navigation. The 
Minister of Agriculture, Fisheries and Food appoints one or more members 
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qualified respectively in land drainage, fisheries and agriculture. 
Expenditure by river authorities on prevention of pollution is financed 
by precepts on the- local authorities in their areas. 

3- The Rivers (Prevention of Pollution) Acts 1951 and 1961 give 
river authorities powers to control discharges and outlets and to prose- 
cute for the offence of causing pollution to non-tidal rivers. The 
only exemption from control is for new or altered outlets (but not the 
discharges) from sewage disposal works approved by the Secretary of State 
for the Environment or the Secretary of State for Wales. Unless an Order 
has been made to nring them under control, discharges of ./ater raised 
tnii underground 'lines are exempted from liability for the offence 
of causing pollution. Although the Acts do not bind the Crown, discharges 
and outlets from Crown properties ( >uch as hospitals and defence 1 ,; iblish- 
ments) are expected to conform to the requirements of the river authority. 
The Clean Rivers (Estuaries and Tidal Waters) Act I960 brought under contro 
new outlets and discharges to tidal rivers, estuaries and parts oi the 
sea (as specified in the schedule to that Act) if they were- fit- 1 
con tructed or begun after 29 September i960 or substantially changed 
after that date. The control can be extended by order under the 1951 
and 1961 Acts to virtually all discharges to particular lidal rivers, 
estuaries or parts of the sea. So far, orders have been made for only 
fourteen mostly snail estuaries. full powers of control over the tidal 
Thames have been exercised since 1 968 by the Port of London Authority 
under local Acts. 

*. Discharges subject to control may be made only with the con- 
sent of the river authorities who may attach conditions as to the nature 
and composition, temperature, volume or rate of discharge of the effluent. 
The decisions of the river authorities on consents and consent conditions 
are subject to appeal to the Secretaries of State for the Environment and 
for Wales, respectively. 

5- The present system of control of discharges is of comparative- 
ly recent origin - pre- 1 951 discharges to non- tidal rivers and canals 
were exempt until 1 963 - The work of determining the actual conditions 
of (onsent for the large number of discharges has not yet been entirely 
completed in some areas. Although there is no statutory minimum standard 



110 



which discharges must reach, it has for many years been normal practice 
to require that discharges of sewage effluent to inland rivers should 
comply with the standards recommended by the Royal Commission on Sewage 
Disposal (I898 - 1915), which are a maximum of 30 milligrams per litre 
(mg/1) suspended solids and 20 mg/1 biochemical oxygen demand when the 
effluent is diluted by clean water of at least eight times its volume. 
In recent years it has been more common to set standards according to 
individual circumstances and more restrictive standards have often been 
imposed, especially where the dilution afforded by the river is small 
and it is particularly important to maintain a higher standard of purity, 
for example, in rivers used as sources for public water supply. 

6. Under the Public Health (Drainage of Trade Premises) Act 1937 
and Public Health Act 1961, manufacturers and farmers may discharge 
their liquid waste to the public sewers, subject to such conditions and 
charges as the local sewerage or sewage disposal authority may require. 
There is a right of appeal to the Secretary of State for the Environment 
or for Wales against the conditions and the charges for treatment. 
Because large volumes of trade effluents are not disposed of in this way 
consents for the discharge of sewage effluents commonly contain restric- 
tions on concentrations of named substances which could be toxic at 
materially higher concentrations. Direct discharges of trade wastes 

to controlled rivers are subject to the same controls as discharges of 
sewage effluent; the river authorities impose consent conditions appro- 
priate to the quantity and character of the discharge and it is the respon- 
sibility of the industrial discharger to provide the treatment necessary 
to meet the required standard. 

7. The responsibility for the disposal and treatment of sewage 
and trade effluent discharged to the sewers is exercised by about 1,^00 
local authorities, comprising the Greater London Council, the councils 

of boroughs, urban or rural districts and joint boards of these councils. 
These authorities are responsible for populations ranging from about 8 
million to less than 1,000. Their statutory responsibility for sewage 
disposal is to make such provision by means of sewage disposal works or 
otherwise as may be necessary for effectually dealing with the contents 
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of their sewers (Public Health Act 1936). The local sewage disposal author- 
ities normally provide works for the treatment of sewage before it is 
discharged to non-tidal rivers but there are still large numbers of outfalls 
discharging crude sewage to estuaries which are not covered by Tidal 
Waters Orders. There are now, however, schemes which will improve the 
major polluted estuaries of the Tyne and the Tees. 

8. The Secretaries of State for the Environment and for Wales 
exercise the central government functions in sewerage and sewage disposal. 
They have powers to determine appeals, to make regulations and orders 
under the Public Health Acts, and to intervene when default is alleged 
on the part of sewerage authorities. They control public capital invest- 
ment in sewerage and sewage disposal by means of their statutory control 
over borrowing by local authorities. Schemes costing more than hi 00, 000 
or the product of a rate of Ip in the k, whichever is larger, may be 
examined by a departmental Engineering Inspector. Specific Exchequer 
grants are only available for first-time sewerage in rural localities, 
for schemes required for town expansion under the Town Development Act, and 
for the improvement of an inadequate service in a development or inter- 
mediate area under the Local Employment Acts. 

S- Many areas, especially towns with long established sewerage 

systems, are drained on the combined or partially-separate system, with 
all or part of the surface water from roofs and paved areas carried in 
the same sewers as foul sewage. Storm overflows then relieve the sewers 
in time of heavy rainfall by discharging a mixture of untreated sewage 
and surface water directly to watercourses. Such discharges come under 
river authority control. 
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CONDENSATION OF "PROGRAM FOR THE PROTECTION OF THE ENVIRONMENT' 
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The following comments summarize the programme. 

1. Inadequate efforts were made during the past. 

2. The federal Government appointed a cabinet committee on environmental 
problems, charged wi th preparation of the program for the protection 
of the human environment, in I9&9- 

3- Due to the gravity of the environmental problem, an immediate" action 
program was established in September, 1970 announc i nq a parcel of 
urgent legislative projects which, in the meantime, have been referred 
to all legislative bodies. During the Bundestag debate on the 1 6th 
of December, 1970, the Federal Government stated detailed reasons 
in support of the need to confer upon the Federation concurrent 
legislative powers in the fields of water resource management, 
protection of nature and landscape, air pollution control, abatement 
of noise and disposal of waste. These new powers wi I 1 be the only 
means of achieving the aim of this program. 

h. Numerous experts from the administration of the Landers and from 

the fields of science and industry have participated in the prepara- 
tion of this program. 

5. Summary of Basic Theses Underlying the Environmental Program. 

5-1 An environmental policy should comprise the totality of all measures 
which are necessary to: 

- preserve an environment which man needs for his health and for a 
dignified human existence; 

- protect the soil, air and water, animal and plant life against 
harmful effects of human action; and, 

- eliminate any damage or disadvantages arising from such human action 
5.2 The expenditures arising from measures to restore the environment 

should, as a matter of principle, be borne by the originator of the 
damage, ("originator principle"). 
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5-3 In implementing this program, the financial capability of the 

national economy will not be unduly strained. Measures designed 
to protect the environment are to be supported by action in the 
fiscal and tax fields as well as by infrastructure measures. 

5.^ The state of the environment is largely determined by technology. 
Technical progress should take place in a manner which is not 
harmful to the environment. It is one of the objectives of this 
program to achieve an environment-orientated technology which does 
not constitute an excessive burden on the environment. This need 
not affect technological progress or economic growth. 

5.5 It is a matter for each individual citizen to help protect his own 
environment. The Federal Government regards the strengthening of 
popular environmental consciousness as an essential element of its 
environmental policy. 

5.6 To enable the Federal Government to take the right decisions in 
questions of the protection of the environment, increasing use will 
be made of scientific advice. To this end, a Council of Experts 
on Environmental Problems will be appointed and other measures 
will be taken . 

5.7 The full range of threats to the environment and their effects 
should be the subject of systematic research work. The capacities of 
research and development establishments will be expanded as required, 
and coordination of the relevant research work will be intensified. 

In addition, it will be necessary to collect all data relevant to 
the environmental problem and to concentrate and systematize them 
in an information system which is available to government, the 
scientific community and industry. 

5.8 The possibilities of training in the special fields of the environment 
are to be improved, among other things by the creation of inter- 
disciplinary and practical courses at universities and technical 

col leges . 

5.9 If the human environment is to be effectively protected, there is 
a need for close cooperation between the Federal Government and 
the regional and local authorities as well as between them and the 
scientific community and industry. 
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5.10 The protection of the environment also requires international 

cooperation. The Government of the Federal Republic of Germany 
is fully prepared to cooperate in all fields and advocates the 
conclusion of international agreements. 

6. The Cabinet Committee for Environmental Problems which sat on July 
6, 1970 coordinates the activities of all Federal Departments. It 
was this committee which drafted the present comprehensive environ- 
mental program in close cooperation with the experts from the 
Regional Administrations, industry and science. The most urgent 
problems were tackled under the Immediate Action program of Sept- 
ember 17, 1970. 

7. It is absolutely necessary, according to Federal policy, to create 
conditions for a long term environmental policy. 

8. Where rapid action is called for, i.e. in the fields of waste 
disposal, sewage treatment and protection against the discharge of 
dangerous substances, the Federal Government has already introduced 
those draft laws which are designated to bring about an early improve- 
ment of the situation. 

9. This program consists of two parts. Part A contains the basic 
features of a long term environmental policy. Part B, the 
action program itself, presents all those priority measures which 
should be implemented or at least initiated within the next five 
years, broken down by environmental fields. Additional objectives 
within the next ten to fifteen years are outlined. While part A 
describes the actual situation and the motives of the Federal 
Government's environmental policy consideration. Part B draws the 
conclusion to the extent that they can be practically realized 
within the existing financial and institutional limits. The 
objectives are: 

9-1 Long-term environmental planning. 

9.2 Enforcement of the Originator Principle. 

9-3 Achievement of an environment-orientated technology: 

- technological developments should take into consideration their 
effects on the environment; and, 

- decisions by public authorities and industry should bear in mind 
certain environmental criteria. 



9.^ Awakening or strengthening an "environmental consciousness" in all 

parts of the population. 
9-5 More effective international cooperation. 

10. In order to obtain scientific advice, the Federal Government will 
appoint a Council of Experts on Environmental Problems which will 
be set up on January 1, 1972 under the auspices of the Federal 
Ministry of the Interior. Its members will be chosen by the Federal 
Minister of the Interior with the agreement of the cabinet committee 
for environmental questions. 

11. The Federal Government has not, up to now, been in possession of 
the legal basis on which the ecological, economical and financial 
data of the various environmental threats, and their consequences, 
can be inexhaustibly and regularly collected. The statistical sur- 
veys concerning data relevant to their environment which have 
already been carried out are to be perfected. The Federal Government 
will, therefore, introduce a draft law on environmental statistics by 
the lAth of June, 1972. Working groups for the public sewage system 
and water supply, substances harmful to water, transport services 
broken down by region, types and quantities of waste, as well as 

for air pollutants, have been set up under the Federal Statistical 
Office. In the long run, the Federal Government intends to compile 
a meaningful "environmental balance sheet", which will make it 
possible to identify changes in the quality of the environment 
regularly and reliably. 

12. The term "originator" must be applied to any person or agency which, 
by using a certain product, lays the basis for later damage to 

the envi ronment . 

However, under the present system of sharing the cost of damage to 
the environment, the originator principle is largely ignored and 
this cost is imposed on the community without any reference to the 
product or service which caused it. This program makes a beginning 
by providing for a sewerage levying. 
13- The Federal Government has appointed a working group to consider 

procedures and recommendations on how the originator principle can 
best be enforced. 



1**. It cannot be primarily a public task to finance environmental pro- 
tection measures from the tax revenue of the community. The 
Federal Government proceeds from the principle that the cost 
involved should be borne by those imposing a burden on the environment, 
("originator principle"). If serious environmental damage is to be 
avoided, it will be, in exceptional cases, necessary to perform 
certain public functions at below cost prices. In the case of very 
capital intensive public facilities having a long life, it may be 
necessary to pre-finance them initially from public funds, or 
through cred i t . 

A survey of public tasks in the environmental field reveals that 
the main purpose of public expenditures will be to finance the 
necessary investments from adequate treatment and waste disposal 
facilities, which are a matter for local authorities and should 
be financed by them. According to the division of responsibilities 
laid down in the federal constitution, it is up to Regional authorities 
(Landers) to support the local authority in the fulfillment of these 
tasks within the framework of the redistribution of the tax revenue 
among the various local authorities. According to the division of 
responsibi 1 i ti ties and charges undertaken in the Constitution, the 
Federal Government has only limited administrative and financial 
competence in the environmental field. 

15- The requirements of the environment will have to be taken into 

account to a greater extent in the redrafting of tax legislation. 

16. Harmonization and intensification of the existing tax incentives for 
investments in the fields of sewage disposal, the purity of the air 
and the reduction of noise and vibrations should be accomplished, 

as well as the extension of tax incentives to investments designed 
to prevent or limit the production of sewage or the absorption of 
heat by inland waters. 

17. At the time of writing of the program, research work is being 
financially supported in the following fields. 

a) equipment for the detection of most important harmful substances 
in air and water; 
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b) processes for the purification of industrial, domestic and 
motor engine exhaust gases, as well as of all polluted waters; 
and , 

c) production processes causing only limited damage to the environ- 
ment and products entailing less waste. 

18. It is considered that the present legislative provisions concerning 
the protection of nature no longer meet the requirements of the 
modern industrial society. The German law of 1935 on the Protec- 
tion of Nature, which continues to be valid law in the Landers, has 
been changed in an uncoordinated manner by eight Landers. Moreover, 
the old law is essentially directed towards idealistic aims and 
the preservation of areas. In order to control the growing restraints 
on nature, a new law is intended which will ensure that the land- 
scape will be developed and its functions restored. 

19- Among the requirements of the new law, the Landers shall draw up 

regional waste disposal plans which may be made compulsory. Waste 
disposal shall be the responsibility of authorities such as rural 
and urban districts, or associations formed for this purpose and 
designated by the Landers, or they may instruct the owners of 
industrial waste to dispose of it themselves. 

20. It will also be necessary to construct environmental and pilot 
facilities. This is a Lander responsibility. 

21. Water 

Overal 1 Situation 

The hydrosphere is in disorder. Excessive demands have been made 
for a long time on the self-purification capability of many waters. 
This reduces the local value of many areas, but also the recreation 
value of the landscape. In some places, the lack of clean water 
begins to slow down economic development. The increasing pollution 
of the high seas also gives cause for concern. 

This dangerous situation can be improved only if an overall concept 
of water management for the whole area of the Federal Republic of 
Germany is developed as soon as possible. As part of this effort, 
it is necessary to amend the existing disorganized and outdated 
water legislation by uniform provisions adjusted to the requirements 
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of modern water management. However, even a modern and uniform water 
law is of no use unless it is consistently applied. 
Water Management Law 

The Federal Water Management Law which dates back to 1957 must be 
amended and strengthened. 

However, according to valid constitutional law (sub-para A of para 1 
of Article 75 of the Constitution), the legislative bodies at the 
Federal level may only enact general provisions in the field of 
water management. In view of this constitutional limitation, only 
a few of the necessary amendments to the water management law can 
be enacted. For the majority of the changes required in the water 
management law, the Federal legislative bodies are at present not 
in possession of adequate legislative competence. The Federal 
Government has therefore introduced a Constitutional Amendment 
(Parliamentary Records V I / 1 298) designed to provide full legislative 
authority to the Federal authorities. However, the Federal Govern- 
ment is not awaiting the adoption of this Amendment, but is preparing 
for the necessary changes in view of their urgency. At the same 
time, the legislative bodies are given to understand what use the 
Federal Government will make of its full authority once it has been 
granted. 

The water management law is to be changed in two stages: 

A Fourth Law (Federal Council Records ^11/71) amending the water 

management law will especially 

- improve the possibilities to authorize the use of waters only 
subject to certain conditions; 

- lay down uniform Federal provisions for the storage of substances 
dangerous to water; 

- authorize the authority to forbid changes in the use of such water 
surfaces which are required under the water management plans; and, 

- revise the punitive provisions of the law. 

The Fifth Law amending the water management law is to authorize the 
Federal Government 

- to lay down uniform standards according to which the quality of a 
water may be determined so that waters having this or a higher 



quality may be preserved while waters of lower quality must be 
cleaned; and, 

- to issue guidelines as to the requirements to be placed on the 
introduction of sewage into waters. 

A further law will provide for the imposition of sewage levies. 
The Federal Government will introduce the Fifth Amendment to the water 
management law by 31 July 1972 and the draft law on the imposition 
of sewage levies by 31 December 1972. 

Water Management 

In spite of the excessive strains placed on waters in the Federal 
Republic of Germany, the supply of "clean" water to the population 
and to industry has up to now been possible. However, this cannot 
conceal the fact that the accumulated requirements for sewage treat- 
ment facilities and sewers is large. 

It is the objective of water management to arrive at a hydrospheric 
balance which ensures that 

- the ecological equilibrium of the waters is preserved or restored; 

- clean water can be supplied to the population and to industry; and, 

- at the same time, all other uses of water serving the common good 
remain a long-term possibility. 

In the opinion of the Federal Government, this aim can best be 
reached by conferring on the authorities, associations or other 
agencies which must take or coordinate water management measures 
the responsibility for a complete river area. 
As a result of the insufficient purification of sewage water, 
the quality of the waters has improved only in isolated cases in 
spite of all the efforts of the local authorities and industrial 
enterprises and in spite of the financial support by the regional 
and Federal authorites. In other cases, however, the water quality 
has declined to such an extent that certain uses of water are today 
no longer possible or only at unreasonable expense. 
22. It is also considered that the general water management plans call 
for the construction of an additional number of water reservoirs 
and rain water collection basins. It may be possible to finance 
these projects from funds provided under the communal task "improve- 
ment of agrarian structure and coastal protection". 



23. This is a list of measures having financial implications on the 
Federal project referring to part B of the program. 

23.1 Promotional research and development for the disposal of domestic 
refuse, unwieldy waste and road sweeping. 

23-2 Intensification of the construction of sewage purification facilities 
in the public domain. Regional and local authorities will have to 
invest altogether about 10 billion German Marks from 1972 to 1975 
for the construction of sewage purification facilities and sewers. 
To this must be added considerable industrial investment. 

23.3 Federal program for the Purification of National and International 
Wa t e r s . 

23.^ Creation of a systematic network of water monitoring stations. 

23.5 Technical and organizational measures for the creation of compound 
systems, the protection of water procurement areas, the establishment 
of large size central water supply facilities, the improvement of 
treatment techniques, and the drawing up of an emergency well 
program and alert plans. 

23.6 The drawing up of general plans of water management. 

23.7 Construction of additional water reservoirs and rain water basins. 

23.8 Support of individual research and development projects and water 
research . 

23.9 Expansion of existing and creation of new institutions for the 
protection of the environment. 

23.10 Research and development activities of the relevant Federal institu- 
tions, universities and industries, and the contents, distribution 
and effects of harmful substances in the sea and in marine organisms. 
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MINI STERI ELLE UND PARLAMENTAR I SCHE GREMIEN 
FEDERAL AUTHORITIES 



Intermini ster ie 1 ler Ausschuss Wasser, 

Der Bundesminister fur Gesundhe i tswesen (BMGes) 

532 Bad Godesberg, Deut schherrens t rasse 87- 



Landerarbe I tsgeme lnschaf t Wasser (LAWA) 
53 Bonn 9, Bundeshaus, Postfach 9110, 
Tel : 2 66 66 und 206 31 M 
Telex: Uber 98 86 808 



Der Bundesminister fur Ernahrung, Landwi r tschaf t und Forsten (BML 
53 Bonn-Dui sdort , Bonner Strasse 87, Postfach 



Der Bundesminister fur Gesundhe i t swesen (BMGes 
532 Bad Godesberg, Deut schherrenstrasse 87 
Tel: 60 k) , Telex: 8 - 85 517 



WASSERWI RTSCHAFTSVERWALTUNGEN 



WATER AND SEWER TECHNOLOGY AUTHORITIES 



Innenministerium Baden- Wurt temberg , 

Abteilung VIM - Wasserwi r t schaf t und Wasserrecht - 

7 Stuttgart-S, Dorotheens t rasse 6, 

Tel : 29 09 ^1 



Oberste Baubehorde im Bayerlschen Staa tsmi n i ster i urn des innern 
Gruppe Wasserbau un Wasserwi rtschaft , 
8 Munchen 22, Kar I -Scharnag 1 -Ri ng 60, 
Tel: 08 1 1/3 89 01 



BERLIN (West) 

Des Senator fur Bau- und Wohnungswesen , 

Unterabiei lung VII c: Wasser- und Schi ffahrt swesen , 

I Berlin 31, Wur t temberg i sche Strasse 6 - 10, 

Tel : 87 05 91 , Apparat 56 kS 



Wasserwi r tschaf tsamt Bremen, 
28 Bremen, B i e i chers t rasse 25, 
Tel : 36 I 1 , Apparat 22 98 

12*4 



Baubehorde Hamburg, Amt fur Ingenieurwesen I, 
Hauptabtei lung Wasserwirtschaft , 
2 Hamburg 36, Neuer Wall 72, 
Tel: 3^ 10 08 



LAND HESSEN 

Hessischer Minister fur Landwi rtschaf t und Forsten, 

Referatsgruppe IV B (Wasserwirtschaft) 

62 Wiesbaden, Schlossplatz 2, 

Tel: 3 60 61 



LAND NIEDERSACHSEN 

Ministerium fur Ernahrung, Landwi rtschaf t und Forsten, 

- Abteilung Wasserwirtschaft - 

3 Hannover, Calenberger Strasse 2, 

Tel : 19 01 



LAND NORDRHEIN-WESTFALEN 

Ministerium fur Ernahrung, Landwi rtschaf t und Forsten 

- Gruppe III C - 

1* Dusseldorf, Rossstrasse 135, 

Tel: 43 ^5 61 



LAND RHEINLAND-PFALZ 

Zentrai 1 i nstanz : 

Ministerium fur Landwi rtschaf t , Weinbau und Forsten, 

Abteilung V - Wasserwirtschaft - 

65 Mainz, Bauhof strasse 2, 

Tel: 1 61 



SAARLAND 

Der Minister des Innern - Oberste Landesbaubehorde - 
66 Saarbruken, Hardenbergstrasse 8, Postfach 1010, 
Tel: 6 00 1 I 



LAND SCHLESWIG-HOLSTEIN 

Der Minister fur Ernahrung, Landwi rtschaf t und Forsten des Landes , 

Schleswig-Holstei n - Abteilung III 2 - Wasserwirtschaft - 

und Landesamt fur Wasserwirtschaft, 

23 Kiel, Dusternbrooker Weg 10*4 - 108, 

Tel: 59 61 
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WASSERWI RTSCHAFTL I CHE GROSSVERBANDE 



MAIN CONSERVATION AUTHORITIES 



Emschergenossenschaf t 

*»3 Essen, Kronprinzenstrasse 2*», 

Tel: 2 33 61 



Grosser Erftverband 

515 Bergheim/Erf t, Pfaffendorfer Weg kl y 

Postfach 320, 

Tel: 22 71 



Linksniederrheinische Entwasserungs-Genossenschaf t (LINEG) 
^13 Moers/Ndrrh. , Augustrastrasse 8, 
Postfach k\ , 
Tel : 2 21 ^3 



Lippeverband 

^3 Essen, Kronprinzenstrasse 2*4, 

Tel: 2 33 61, 

u. ^6 Dortmund, Konigswall 29, 

Tel: \k 10 5^ 



Niersverband 

*+06 Viersen/Rhid. , Postfach 529, Mozartstrasse 20, 

Tel: 1 20 51 " 55 



Ruhrverband , 

*43 Essen, Kronprinzenstrasse 37, Postfach 1316, 

Tel: Sa.-Nr. 22 10 31 



Wupperverband 

56 Wuppertal -Barmen , Zur Schafbrucke 6, 

Postfach 396, 

Tel : 55 55 68/69 



Wasserverband Dusseldorf-Mettmann , 
**02 Mettmann, Kreishaus, 
Tel: 2161 
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APPENDIX 3 
SUMMARIES OF RETURNED QUESTIONNAIRES 
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QUESTIONNAIRE NO. 7 

DESIGN PRACTICES OF NCW SEWER SYSTEMS AND 

MODIFICATIONS TO EXISTING SYSTEMS 

SWEDEN 



Federal 



nun 



.pa: 



Mun i c « pa I 



I . Siorm 5ewer Design 

a) What norm frequency is required to be used 

for new sewr systems and what siorm duration? 



Std. lacking. Usually I or 
2 yr storm, 10 ■in duration 
min. Difference small between 
rains in Sweden, i.e. 10 yr 
storm 1.7 x 2 yr storm. 



2 yr storm for combined 
sewers. I yr storm for 
separate systems. New 
code is being establish- 
ed. 



I year s I 
minute duration 



b) Is the design storm derived from an intensity/ 
duration/frequency curve? How is the design 
storm hydrograph derived? 



Swedish Met- Institute 



Yes. from 30 yr 
rainfall d a t a 



c) Is the design storm frequency/ i ntens c ty 
varied for residential areas, commercial 
i industrial areas, culvert capacities 
lor minor roads, major roads & freeways? 



No, only runoff factor 



d) Is the design of new storm sewer systems 
based only on quantity? 



«) Is quality considered in the destq 
as quant i ty? 

Il anything being done about improving 
runoff qual i ty? 

Is storm runoff treatment anticipated? 
('ill Is research proceeding into runoff 
quality & runoff treatment? 






I may be nee- 
for a major new devel- 
opment U. of Stockholm 



(li) no 



f) I -, snow melt considered In sizing the sewer 



■ ■ 
areas of outci I iwn 



q) Are new storm sewer systems designed as 
separate, combined, partially separate or 
other 7 Please ampl ify. 



Separate 



Separate 



Separate 



h) Are new storm sewer designs based on: 



open channel or free flow? 

pressurized flow? 

sewer surcharge allowed but infrequent? 



li) 



• ma 1 1 y bu t 
( i i ) occasional I v 



2. Storm Runoff Attenuation 
a) To reduce the 'jit of storm ru 
stormwater stored 
(i) on roofs? 
'ill on streets (. sidewalks? 
(US) on parking lots? 
(iv) on school grounds? 

fv) in parks? 
(yi I In any wal I at all? 



It is anticipated that 
use of groundwater re- 
plenished through perc- 
olation will lead to 
some form of attenuation. 



occ as ionnaly a I 
(il and (v) 



t>) What measures are mandatory in new signi 
cant sized constructions or developments 
order to restrict storm runoff flows? 



Development cannot pro- 
ceed without adequate 
drainage 



c) Is ponding or use of depression storage or 
m-' i 1 1 rat ion used to restrict the intensity 
ill storm runoffs? 



Consultant Orrje has full 
scale research underway. 



d) I '. ' : possible to given quantitive assessment 
:ne attennuation required under 2 (a) t 
either by depth of watrr or storm fre- 



All sewers designed as 

I .„) All flow in e.ces 
tored. 
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). Sanitary Sewer Design 

a) Are new sanitary sewers designed as gravity 
sewers, pressurized sewers, combination 
partly gravity, pertly pressurized or at 
vacuum sewers? 



Gravity (and pressurized 
lines from lift stations) 



b) 'lease OMtliae any experience you 

•ay nave re) pressurized sewers or any 
going research you are aware of into 
pressurized sewers. 



Please specify what sources of 
sewage drain Into sanitary and storm sewers 
respectively in the case of partially separ- 
ated sewers. 



Mo partial ly s< 
either sniarji. 
comb i ned 



d) How is the maximum capacity of the sewage 
treatment plant related to the dry weather 



- d « Q di 



Storm Molding Tanks -Combined Sewers 
Are storm holding tanks generally com 
ted at sewage treatment plants? 



Plant capable 
fns 3WF only 
sloird. 


E«u 


No. storage ri 

used instead 


inn«i| . 



How is their volume calculated relative to 
the capacity of the overflow capacity of the 
plant7 



Is the quality of sewage routed to the 
tank considered in the design of the 
tank7 



Is provision made for treating the capacity 
of the storm holding tank: 
(i) within the tank? 
('!) separate treatment plant? 
(i,i) by pumping back to main plant? 
(iv) is ozone used for the treatment? 
(v) how much is treated and how is it 
discharged? 
(vi) would you please describe the plant 
and process used for (i) or (ii) 



What is the prime factor limiting the 
detention period in a storm holding tank? 
(i) construction costs? 
(ii) oxygen depletion? 
(iii) probability of new storm occur rence 1 
Please amp I i fy . 



Storm Runoff Storage 

Is detention storage provided for stc 

sewers either in-system or offsysten 

a single storage structure one cell c 

multi-cell or as a system of storaqr 

structures? 



Attempts should be made 
to avoid sedimentation 
tanks and sewers where 



Tunne I s »1 irti.-n-, i.,m I I 
f low wi th add i.tt»i 1 1 
storage capacity 



Tunntl sl,,pe -.inside'' ' 



(i) 



1 1 i dictates -heal'', 
tunnel .1 pipe 



In-system plained 



In-system (tunnels! 



Is detention storage provided in nat 
depressions or in reservoirs (with e 
bankments). fully enclosed tank abn, 
ground, below ground or below water 



If not as outlined In 5(a) or (bl. bs 
ihai method is storage provided? 



Storage m enisling re 
tunnels and If, enlarge 
ments of these is now 
planned. 



Malural depressions ut 
resetvoi ts . u/g tanks , 
large sewers 



Hunicipal 



7 

Re sear 



Gravity, but pressurized 
i vaccuum in smaller 
districts 



Gravity sewers. 
exceptions exist. 



Crav i ty but vacuu 
special cases 



Problems with deyos 
surges at pump star 



Stockholm suburb of 
Ba'ingeby has pressurized 
system. Report available 
Construction poor. 
Expensive. 



Sdn 


tary sewer 


-domest i 


.ndl 


St rial, 


foi 


jndat ion 


Storm sewer 


-ra 


nfal 1. 


roof draina 


9« 





Few investigations on this 
subject. One study indicates 
50t of sewage in a separate 
system was other than 
sanitary. 



DWF get< 



2 x DUF gets chemical 6 
biological treatment 



No, but of 77 munii 
ities, II have holi 
tanks. Size 1*0 to 
180,000 cubic meters. 



pal - 



ng 



/) Goteborg 



test s 



for their water sup- 
ply and found I hoi H 
was absolutely the 
most expensive way of 
disinfecting water 



<iii) but lack of rainfall 
data 



Parallel pipe pack.ig.rs 



Parallel pipe packages 

used 



Parellel pipt- packages 
used as wel I as tunnel 
systems 



pipe packages 
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Hon ic ipal 



What Is Haiti Criterion Considered in 
locating Storm Water Storage Structures? 
pub! ic acceptance 

land aval lab! 1 1 ty 

sewer system capacity 

close to the waste treatment plant 

other (please specify) 



i 



Treatment of Sturm Hunoff and Overflows 
ComblnLd Sewers 

Is treatment of storm runoff and/or 
overf ! , 

, used 

(ii) required by regulations 
( i i i ) current ly planned 

(iv) under study 

to any of the above items, 
-hat treatment processes are con- 
sidered? What equipment is used? 



(iv) 



Screening 

Sedimeniat ion 
Oi s in' • 



Straining and disinfac- 
dered Out not 
used. 



.rwers 

•itnt o' Storm Si-wers 
( i ) currently used 
( i i ) requi red by rej 
(1 i i ) currently r'anned 
-ider study 
to any of the above Items, 
what treatment processes are considered? 
What equipment is used? 



Ilw) As above 






S. Would you i.l 
problems „hi 
runoff 



i . nova I 



- ,J 3 . e 



...•. 



outline operational 
a. c- ari ^ r n >, i th -.torT 
■th respect to solids 



ITT 



•■ 






M 








■ 




■ 




' 







9- Meld Studies of Sewer Systems 
») field studies carried out to support- 
( I ) dl SCI, 

combined' 

. sewer systems 
■ f low control schemes 
ther - please tpet 



i ut jarva to mea- 
sure guanl ; r 






• idies .ire not presently 
. :ed because: 

• ■ information un sewer 
>i I able 
..them.st ical simulation models 
eliminate thi . ■-. I 1 above studies 
ither - please spe 



• ■ • tudy t he fo I Ion ing 

■ n,i are recorded: 
' I - '«tes 

tatlon 

■rr juulity 

' ' ■ 



and (Hi ] 



cquipme.it and methods used, their accuracy, 

cover..-.] ai: items and available (c. 
for di <tcr-.ni land use)? 



r vent., 
fo( iff -r-J'.' 
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* 5 6 7 8 

Municipal Consultant Standards Research Research 



(c ) (b) Standards are to be 

established for detention 

systems 



(iv) Storage Tanks (iv) (d) EPA stud.es further 

ahead then we are. Treat- 
ment appears di fficul t . 
Large f'ow, short time 



Pilot microstraining plant See U.S.A. practice (iv) 

abandoned. Quality okay, 
but operational nuisance 
after rainf.,11. 



v) to Support research Research followed by this 

organi zat ion. 



(iv) Studies indicate man- See 7 (a) 

holes major source of 
inf i I trai ion. Limit no. 
of manholes. 



i) and (III) (i) CD md (iil) (l). (U) and 

t r ibut ion of prei 
compos lit I ' .' 



Stockholm consultant Orrje "Plumat ic" rain gauge. Tests mad<- on rl ; *'<rent 

have developed a stern- Flow measurement equip- t*pes of rain IJul'S 

wheeler for use in man- ment from U.S. Geological 

holes. Paddles clog fre- Survey 
Huent ly. 
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QUESTIONNAIRf NO. 3 

ABATEMENT ANO POLLUTION DUE TO 

COMBINED SEWC» OVERFLOWS 



Federal 



Hun I c i pa I 



Overflows are Considered: 



I . Comb i ned Sewe 

3) major source of pollution 

b) not significant in relation to other 

c) not significant for local receiving 
Please explain 



Hon t ha t -mjn i c i pa I t rea t - 
ment is quite thorough, 
relative to others, 0/ flows 
usually discharge to closest 
recipient meaning short term 
o/floxs arc of importance. 



(b) but when o\ 
does occur- (a) 



2. Policy re Control of Overflows: 

a) no policy established 

b) policy based on discharge standards (con- 
centration t frequencies) 

c) policy based on water quality and use of 
receiving waters 

d) other, D lease explain. 



<b) 



Oxygen discharged to poor 
recipients through the 
Atlas Cop co Llmnex method 
or other method being 
planned for Stockholm 
lakes. 



(c) The Watercourt has esiab'is 
hed that overflow may not occur 
until dilution 3 times dry 
weather flow for primary and 5 
times for secondary recipient 



J. Combined Sewer Overflow Regulators 
Regulators are set to discharge at the follow- 
ing flows (as related to the interceptor 
capac i ty) : 
al Static regulators - specify most frequenily 

used, up to what flows? 
b) Oynamic regulators - describe types used. 

flows 



(a) manually adjustable 

(b) occasionally float type 
rather old 

Flow proportional to 

d i 1 u t i on 



:) Are regulators controlled by overflc 
quality, what types used, operation* 



d) Resear 



egulator 



k. Computer Controlled Systt 



S t&^J KJ< ' n Combined Sewer 
Are any such systems used cu 
What is your attitude toward 



" ln S 



it ly or planned? No 

ie above system? Caulious 



May be 
help pi 



planm-d .1 th Ch.,1" 
si ty but not yet pr 



5- Use ol Drag Reduction Additives to Incr 
Sewer Capac i t i es : 



Are any jbove additives used or planned to be 

used? 

If so, what types are being used or considered? 

Was impact of additives on waste treatment 

plant and receiving water evaluated; please 

specify. 



eben" and "Sol. 



seldom - Solvex also used 
11 treatment plant. 



6 Selection of Pollution Abatement Schemes: 
a) Are any other abatement schemes than the 

above (i.e. Items 3"5) used? 

Is any of the above schemes preferred? 



A selection of outfall 
location to protect poor 
recipients, beaches and 
other recreational areas 



Selection of abatement schemes is done: 
(i) on the basis of experience, only 

some promising schemes are con- 

s idered. 
(ii) a number of abatement schemes are 

considered in a computerized 

analysis based on a «imulation 

model . 
(ii i) a combination of (i) and (ii) 

Please specify. 
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tan i c i pa I 
(a) 



(.) 



8 

Research 



(a) Overflow Frequencies 
have been measured In 7 
Swed iih ci ties 



(c) 



(a) Department of Health 
may complain. 



(a) - 

(b) not used 
Discharge In excess 
3A DWF overflowed 



Hot yet. 


Not presently u 


Possible for Stockholm. 


maxim i z i ng prog 



flow in storm droi 
by Mr . A Sjoberg 



Separate sewers built 



(i) 



Storage of storm water pos- 
sible :-seperat ion was solu- 
tion but high cost of treat- 
ing storm water may preclude 
scpj-J'ion. 

(i) 



37 
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QUESTIONNAIRE NO. I 
SEWERAGE FUNDAMENTALS 

UNITED KINGDOM 



5 
Nun i c i pa I 



I . Roof Drainage: Is residential roof drainage: 

a) discharged into storm sewers! 

b) discharged into street gutters or ditches? 

c) discharged onto property for seepage into 
soi I? 

d) used for irrigation? 

e) disposed of in some other way? 



a) or combined sewer 



2. Foundation dr 



these 



:ted to: 



a) storm sewers? 

b) sani tary sewers' 

c) combined sewers? 

d) another disposal system? 



d) soakaways 



3 Clea ning practices 
til Streets 

a) Are downtown streets swept/washed daily/ 
weekly/monthly? 



b) A 



Surburban str 
week I y /month I > ? 



ept/washed daily/ 



Me*, does the frequency of sire* 

depend upon adjacent land use? 



daily 



Are streets cleaned for aesthetic reasons 
or to improve the quality of runoff? 
[Is il accepted that the quality of tn* 
street runoft i •. dependent upon the fre- 
quency of Street cleaning?! 



What type of equipment 
cleaning? 



ti tor street 



aesthet its 



Bot>- e.pec ial I y when 
preventing flcodtng by 
falling leaves 



Jf-ers 

What is your regul; 

for sewers? 



Uenjnce proqr 



Depends on si. 
old sewers ma i 



b) B» what methods do you normally clean 



dragging, water jet I ing. 



dragging, water jetting 



Do you make a practice of flushing 
d-jr i ng dry weather? 



occasionally, bv opening 



Do ,ou instal I ratchba 
on new sewers? 



street drainage 



Ho., often and h, what method do you clean 
catchDas ins? 



(i i il Snow Removal 

a) When removing snow » rrjm the road or hinh„», , 
do you plough it to the side and leave it 
to accumulate and ultimately melt or do you 
renove it ar.d dispose of i t at a lake/river 
se.ver/snowdump nr orhcr? 



I •. the frequenc, of snow reiwiva! determined 
I., an, factors other than quality? 



W»-it equipment s used for sn-; 



various methods, but not 
recur r ing problem 



plough to the side and 
leave it, but infrequent 

prob lem 



Ha. the envi rorwen I j I impact of snow 
v.jrer, or content nf the de-icing materials 
or abrasive materials in the -non melt 
l.sessed? Alternative'/, ha- >he effec 
the treatment plant been assessed in the 
cj-.e ot combined sewers? Could you please 
identify the materials used for de-icinq and 



No 

Oe-ic ing mater ia l-rock 

salt 

No special problems due 

to snow rw I t „ater 



lead or other heavy metal been identified 
i '.erious snow contaminant? 



4. C(J'H. >1 ol Inf i Itr.uion into Se 



Are inli Itrati 
d. sign manuals 



allowances > 
standard-.? 



No' normal ly 



Yes. empi 



ri w-jt 


i s the pol 


cy f 


,r MM 


ration contr 


,1? 


No over a 1 


policy 




small 
inf il 


rat 


jnt Ol 
on ac 


..-ptable 


,. ) W-lt 

. ' i 


(ration? 


>ed 


to err,- 


r e.cessi.e 




Joint sea 

up br i ck " 


• nq or grc 
anholes 


uting 
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QUESTIONNAIRE NO 2 

DESItN PRACTICES OF WW SEWfR S»ST£HS AW> 

HOO I F I CAT I ON TO EJISTINC SYSTEMS 

UNITED KIN6DON 



1. Storm Sggtr Design 1/2 I"- storm duri 

a) Wh«t storm frequency Is required to be used overland flow tl« 
for new iewer i,mc"s and what storm duration? 



Varies, according to topo- 
graphy, location, risk 



b) Is the design ston» derived from an intensity/ »es-RRl standard hydrograph 
duration/frequency curve? Bow is the design 

storm hydrograph derived? 

c) Is the design storm frequency/intensity «es 
varied for residential areas, commercial '. 
industrial areas, culvert capacities for 

minor roads, major roads '. freeways? 



d) Is the design of new stc 
based only on quantity? 



sewer systems 



e) Is quality considered in the design as well 
as quantity? 

(') is anything being done about improving 

runoff quality? 
(ii) is storm runoff treatment ant ic i paled? 
(iii) is research proceeding into runoff 
quality '- runoff treatment? 

f) Is snow melt considered in sizing the sewer 
pipe? 



<i) bareli 
(i,l no 
(iii) yes 



g) Are new storm sewer systems designed as 
separate, combined, partially separate c 
other? Please amplify 



Separate 



Yes- Bi lham intensi ti 



No, i n el I cases, but oi 1/ 
grit traps provided I f 
requested 



Separate 



Yes 



No, except occasional 
storm to sanitary connec- 
tions at low flows 



Prelerabl 



rt ) Are new storm sewer designs based on: 
(i) open channel or free flow? 
(ii) pressurized flow? 
(iii) sewer surcharge allowed but infrequent? 



2 Storm Runoff Attenuation 
a) To reduce the rate of storm re 
storm water stored 
(i) on roofs? 
(ii) on streets £ sidewalks? 
(iii) on parking lots? 
(iv) on school grounds? 

(v) in parks? 
(vi) in any wall at all? 



b) What measures are mandatory in new m gn i I i 
cant sized constructions or developments I 
order to restrict storm runoff flows? 



Occasional ly by ba 
tanks 



(!) 



(i) 



Occasional ly bv b.i lar 
tanks 



Hunt , although I • mi led di 
charge may be considered 
the design 



c) Is ponding or use of depression storage o' 
infiltration used to restrict the inlensity 
of storm runoffs? 

d) Is it possible to give quani i t i re assessment 
of the attenuation required under 2 (a) f. 
(b). either by depth of water or storm fre- 
uuen. v ? 



3 Sanitary Sewer Design 



Sanitary Sewer Design 
I Are new sanitary sewers designed as gravity 

partly gravity, partly pressurized or as 
vacuum sewers? 



b) Please outline any e»per 



ay have re pr 



ized sewers or any on 
going research you dtv awa r '- of KfttO 

. ) Please specify what sources of sewage 
drain into sanitary and storm sewers 
respectively in the case of partially sepa 



d* How is the maximum capacity o f t h e >ewage 
treatment plant related In the dr v weather 

(low? 



Gr.ivi ty 



Sa n i I a r y sewe r - dome s t i c , 

back at roofs 

Storm sewer-tront of roof' 

pavement 



i ty . pr 



Sanitary sewer-domestic t 
trade effluents 
Storm sewer-storm runoff ! 
approved trade effluents 



Ko 



Sanitary sewer -domest i c 

back of roofs. 

Storm sewer-front of roc 



3 . DW< for full treatment 3 » DWf for full treatmen 

J-8 « DWf for p*Mi«l treat- 3"b « DWF for partial Ire 



"Final Report" 
'ecommendat >ons 
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2 
vincial 



Tanks - Combined Sc 



i) Are storm holding tanks generally construc- 
ted at sewage treatment plants? 



b) How Is their volune calculated relative to 15 | gpc d 

the capacity of the overflow capacity of the 
p I an t ? 



:) Is the quality of sewage routed to the 
tank considered In the design of the 
tank? 



What is the prime factor limiting the 2 hours detention 1., (i) 

detention period in a storm holding lank? maximuji flow given 

(i) construction costs? 
(rij oxyqen depletion? 
(iii) probabi I I ty of new storm occurrence? 
Please amplify 



sewers either in-system or off-system, 
jingle storage structure one cell or 
Iti-cell or as a System of storage 
-ucturci? 



h) Is detention storage provided in natural 
depressions or in reservoirs (with em- 
bankments), fully enclosed tank above 
ground, below ground or below water? 



If not as outlined in 5(a) or (b) . by 
what method is storage provided? 



6 What is main criterion considered ir 
locating storm water storage structu 

a) public acceptance 

b) land avai lability 

c) sewer system capacity 

d) close to the waste treatment plant 

e) other (please specify) 



7. Treatment of Storm Runoff and Overflows No y ei (jii) utilizinn 

a) Combined Sewers „w..-k,«-. .11 L j 



Is treatment of storm runoff and/or 
overflows: 

(i) currently used 
(ii) required by regulations 
(iii) currently planned 

(iv) under study 
If yes, to any of the above items 
what treatment processess are considered? 
What equipment is used? 

Storm Sewers 

Is treatment of Storm Sewers: 
(i) currently used 
(ii) required by regulations 
(iii) currently planned 

(iv) under study 
If v«s. to any of the above items, whai 
treatment processess arc considered? 
What equipment is used? 



chanical ly raked 



Would you please outline operational 

problems which have arisen with storn 
runoff storage with respect to sol ids 
removal or odour control? 



"Final Report" 
rec ommendat ions 



d) Is provision made for treating the capacity (i) t (iii) pUnt varies (ii) Total contents of tank 

of the storm holding tank: l_„.-_4 t ,o , k <■■-, 

, . . ... . . heated by [II then (111) 

(1) within the tank? ' 

(ii) separate treatment plant? 

(iii) by punping back to m % i n plant? 

(iv) is ozone used for the treatment? 
(v) how much is treated and how is ; t 

discharged? 
(vi) would you please describe the plant 

and process used for d(i) or (ii) 

or (iv). 



S Storm Runoff Storage No „ . . t 

a) T, detention storage provided for storn, ^ ^.V l^ ^ .^ ' " 



or within the system 



Provincial 



Nun i c i pa I 



8 

Research 



Yes 



Yes 



Not generally 



IS igpcd 



"Final Report" 
recommendat i ons 



'Final Report" 
recommendat ions 



(iii) 



(iii) 



(iii) but see "F inal 

rppor t " 



Off 

fuU 



No, only in-pipe storage 
is available 



Constructed j 
variable watt 



lake 
level 



utilizing natural depres- 
sions, otherwise enclosed 
tanks 



Sewer size may be 
increased 



ibis normal ly bet 
lided by the 
• loper 



Combination of a), b) 

f. c) 



Yes . ( i v) ut i I izing 
automatically raked 
screens I sedimentati 
tanks wi th scum plat* 



(iv) 



(i) control by Provincial 
Water Authority 



1^3 



9- Field Studies of Sewer Systems 
a) Field studies carried out to support 
(I) design of new sewers (storm or 
combined) 
(li) analysis of existing sewer systems 
(iii) design of overflow control schemes 
(iv) other - please specify 



b) Field studies are not presently 
anticipated because: 

(i) sufficient information on sewer 
system avai lable 
( I i ) ma t hema tlcal simulation mode I ■. 

eliminate the need for above stud! 
(iii) other - please specify 



I (iii) 



(i), (li} c (iii) 



In a typical field study the folic 
phenomena are recorded: 

) flow rates 

) precipitation 

) -ater qual i ty 

) other - please specify 



(I) I (iii) 



(il. (ii) t (i 



For the above please specify most successful 
equipment and methods used, their accuracy, 
operation equipment. Are there any data 
covering all items and available (eventually 
for different land use)? 
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QUESTIONNAIRE NO. 3 

ABATEMENT AND POLLUTION DUE TO 
COMBINED SEWER OVERFLOWS 

UNITED «. NGDOM 



I Combined Sewer Over f lows are considere d • 
•) major sourer of pollution 

b) not significant In relation to others 

c) not significant for local receiving -ate 
Mease explain. 



Varies, depending on ove 
flow sett ing C. type and 
size of recipient. Most 
polluted overflows occur 
because of blockages dow 



i 
Provinc I 



a) Heavy storm 
have resulted i 
deplet ion 



snoi t ior 
oxygen 



2 Policy re control of overflows: 

a) no policy established 

b) policy based on discharge stanc 
centrations I frequencies) 

c) policy based on water quality a 
receiving waters 

d( other. Please explain 



3. C ombined Sewer Overflow Regulator. 
Regulators are set to discharge at the to I low- 
ing flows (as related t.. the I fit creep I ii | 
capacity): 

a) Static regulators - specify most frequently 
used, up to what flows? 

b) Dynamic regulators - rtesc he types used, 

flows? 

cl Are regulators controlled by over How 
quality, what types used, Operational 
experience? 



lontrol pipes 
t>) not used 



Generally "final Report' 
recommendat ions 



a) overflow weirs with 
control pipe, high side 
weirs with control pipe 

b) vortex overflows - 
penstock control 
Discharge - "Final Report' 
'ecommendat ions 



d) i 


mprove 1 . na 1 effluent 


tron 


i sewage works, thus 


mak i 


ng occ.js ional over- 


flow 


i d i ScHsi .je . tolerable 



Capac i 


ty Of e 


down st 


ream ■ E 


full 





egulat. 



!< . Computer Controlled Systems Hjxi-o/mq 

Storage in Combined Sewers j 
Are any such systems used currently m planned? 
What is your attitude towards the above System? 



* Uic "t Drag Re d ucing Add it 

Sewe r Capabi I i t ies : 
Are any above additives used 
used? 

If so, what types are being u 
Was "ipact of additives on wa 
plant and receiving water eva 
sped fy 



or pl.mned to be 

sed or considere 
ste treatment 
luatrd, please 



b Selection pt Pollution Abatement Schemes: 
a) Are .my other abatement schemes than the 

above (i.e Items l-S) used? 

Is any of the above schemes preferred? 



res, dependent up< 
L type of sc heme 



No 



Hesewering on separate 
system as development 



b) Selection of abatement schemes is done: 

( i ) on the basis of experience, only some 
promising si hemes are considered 
fii) a number of abatement schemes are con- 
sidered m a computer i zed analysis bas 
on a simulation model 
I i ; i I a combinat ion of f i) and ( i i i I Please 
specif* 



(V) 



}hf> 



P rov i nc i a I 

If working satisfactor 
c) , bot many operate 
prematurely due tt> 
blockage* 



I, ,i 



i) but b) or c) 
uteri 



H 
Resea' 



Significant source of 
po I I u 1 1 on 



b). cl 



ti) but control led by 
Provincial Water Author 



"Final Repo' 
rrconnendal i 



-• . 
i r. unmendat Ions 



b) occa . ion.i I I , used at 
T.P. Discharge - normally 
"f ina I Rep rt" <•■ «i»— 

lac ions, but many upei ite i 

50 ■ DWI » SO « DUF 



.1) Storage o/f ■.•■< it 6 DWF 
b) - 

Oi ',charqe-"F inal Report" 
I .'L,*-im,rndat ions 



"F ina I Rep ir r ' 
rerommendat I or 



Ng 



1 ifwl Repi 1 t" 



No. 
Hi . 

111.IA 1 mum s I I 



. . • r 



See "F ina I Report" and 
CIRIA 



I yraer addi t i ves d 
ing invest iqatert 
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QUESTIONNAIRE NO. I 
SEWERAGE FUNOAMENTAIS 
GERMANY 



.pal 



Hunic ipa 1 



1 • Roof Drainage: Is residential roof drainage 

a) discharged Into storn sewers? 

b) discharged into street gutters or ditch 

c) discharged onto property for seepage ifl 
soil? 

d) used for irrigation? 

e) disposed of in soar other way? 



2. foundation Drains: Are these normally connected to: 
• ) storw sewers 1 ? 

b) sanl tary sewers? 

c) combined sewers? 

d) another disposal systea? 



3. Cleani ng Practices 
(I) Streets 



Are downtown streets 
weekly/eonthly? 



ept/washed dai ly/ 



b) Are Surburban streets swept/washed daily/ 
week ly/monthly? 



Ho. does the frequency of str 
depend upon adjacent land use 



d) Are streets cleaned for aesthetic reason; 
or to improve the quality of runoff? 
(is ii accepted that the quality of the 
street runoff is dependent upon the fre- 
quency of street cleaning?) 



What type of equipment 
c leaning? 



used fc 



i) Sewers 
i) What is your 
for sewers? 



regular maintenance program 



b) By what methods do you normally 



Do you make a pract i 
during dry weather7 



d) Do you install catchbasins fc 
on new sewers? 



e) How often and by what method do you clean 
catch basins? 

i i ) Snow Removal 

a) When removing snow from the road or highway, 
do you plouqh it to the side and leave it 
to accumulate and ultimately melt or i ,.,„ 
remove it and dispose of it at a lake/rivei 
sewer/snowdump or other? 



Is the freque 
by any factor 



- now removal dcte 
than qua I i ty? 



med 



i pmeni 



ed for snow 



il? 



>] Has lead or other heavy metal be 



ident , I ied 



»). b) I c) 



c) Ccmbined sewer 



a) Or c) 



2. 3 or J ti 

weekly, swec 



Swept weekly 



Swept weekly 



Swept 



ekly 



No, on condition of 
street. Usually de- 
pendent on the traffi 



Sweepers 



Control aft 
of street 
7 week', to ?-i t 
year on suburban 



i'H' 1 



a) high pressure flushing 

b) cleaning machine 

c) cleaning shield 

d) flushinq 



d) Ha. the environmental impact of snow melt 
water, or content of the de-icing materials 
or abrasive materials in the snow melt been 
assessed? Alternatively, has the effect on 
the treatment plant been assessed in the 
..ase of combined sewers? Could you please 
identify the materials used for de-icing and 
summarize the result of the assessments 



High press 
ing 



High pressure f lushing 



.tely 



Ploughed to side « 
road or removed ft 
ci ty centre 



illy, plouqhs 



.. 3-<. 



Depe»ds on street 
impor tance 



k, Control of Inf i I trat ion 
a) Are inf i I trat ion at la 



design manuals or 



b) What is the policy for infiltration control: 



:) What means are 
infiltration? 



Good i n s pec 1 1 on 
during construct 



kS 



7 
Consul tint 



i) or c) 



Swept weekly 



Swept bi-monthly 



Aesthetic reasons 
(yes) 



High pressure flushing or 
(leaning shield 



Only 
3-<. t 


if 


clogging possible 
■s per year 


Ves 


Wti< 
year 




, I-? times per 



Usually no problem wit* 



Ploughs 



No planned studies 



Foreign water content 
equals dry weather flc 
mainly due to wrong 



**o problem new develop- 
ments. Wrong connection 
in older developments 
very bad. 



Strict inspection in ne 
developments. Relining 
or reconstruction in 
old areas if bad. 
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QUESTIONNAIRE NO 2 

OESICN PRACTICES Of NEW SEVER SYSTEMS AMO 

NOOIf ICATIONS TO EXISTING SYSTEMS 



Provincial 



Provi 



Mjn 



a) What storm frequency is required to be used 
for new sewer systems and what storm duration? 



Usually I yr storm 
densely pop. areas I yr 
sparsely pop. areas 0.5 yr 
duration: 15 min. 



Reinholds method used, but 
not recommended for munici- 
palities over 5 ,000 pop. 
Lower intensity is used ir 
the capi tal . 



b) Is the design storm derived from an intensity/ 
duration/frequency curve? How is the design 
storm hydrograph derived? 



Q, - rFY 

r - intensity (110 l/s.ha) 



Y - runoff factor 
(varies 0.1 - 1.0) 



If a rain 
15 "in. de 
computed w 
formula 



)ther than the 
, i red , i t i s 

th Reinholds 



I yr storm 

15 min. dural ion 



Long term measurements 
by Net off ice. Design 
storm 135 I i tre sec 
hectare 



c) Is the design storm frequency/ intensi ty 
varied for residential areas, commercial 
t industrial areas, culvert capacities 
for minor roads, major roads (. freeways? 



I t can be done but 
usual ly 



Usual ly not , e«ccpl 
cr i t ical local ions 



Is the design of new sTo 
based only on quantity? 



sewer systr-ms 



Usually yes. But in the 
case of the capi lal , it 
has been computed in 
accordance with "Fullhohen 
ganglinien Method" (Oorsch) 



Yes including 
of groundwater 



Is quality considered in the design as well 
as quant i t »? 

(i) Is anything being done about improving 
runoff qua I i ty? 
(ii) Is storm runofr treatment anticipated? 
(iii) Is research proceeding into runoff 
quality t runoff treatment? 



Generally not, but und« 
some circumstances 
possible 



No 



f) Is snow me I I 
pipe? 



idered in sizing the sewer 



g) Are new storm sewer systems designed as 
separate, combined, partially separate or 
other? Please ampl i fy. 



Usually combined, but 
separate in some cases, 
such as in areas subject 
to flooding, flat areas C 
at poor quality recipient- 



Usually combined, but 
ceptions exist 



i) I ♦ 9 storm wat. 
transported to 0W » 
mechanical t bioloi 
treatment takes pl« 
i i I Not yet 



General ly combined 
separate for areas 
poor recipients 



h) Are new storm sewer designs based on. 
(i) open channel or free flow? 
(ii) pressurized flow? 
(iii) sewer surcharge allowed but infrequent? 



i) 



i) but during some storms 
the systems will be 
pressur i zed 



2. Storm Runoff Attenuation 
a) To reduce the rate of storm runoff, 
storm water stored 
(i) on roofs? 
(ii) on streets t sidewalks? 
(iii) on parking lots? 
(Iv) on school grounds? 

(v) in parks? 
(vi ) in any wal I at all? 



storm holding 



Kcept in storm holding 



i) 
iii) 


i f no damage t< 


. the 


conn 


ected hou 


ses is 




inhe 


rent 








(i) No 








(ii) Natu 


ral de 


lay unt i 1 it 




runs 


i nto i. 


alchbasms 


( 


iii) t (i 


.) No 






(v) Not 


intent 


ionally 




(vi) Ston 


n hold 


nq tanks 



b) What 



ires are mandatory in new signifi- 
cant sized constructions or developments in 
order to restrict storm runoff flows? 



nstruct storm tank^ 
reduce pol lut ion i 
cipient is poor 



c) Is ponding or use of depre-.sion storage c 
infiltration used to restrict the intensit 
of storm runoffs? 



Natural features 



Only when not usee 
urban development 



Is it poss ible to gi v 
of the attenuation re 
(b), either by depth 
quency? 



qu.int i t ive assess* 
red under 2 (a) & 
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Municipal 



5 
Municipal 



6 
Municipal 



Consultant 



Consultant 



} yr stora 

20 lain, duration 

80 litres/sec/hectare 



Bet office cont ii 
measurements to < 
existing values 



ing 
rify 



I yr storm 

15 ain duration 



I to 2 yr stora 
IS aln duration 
100 I it res/sec/hectare 



I yr stora, but stora 
tanks etc. up to 25 yr 
duration according to 
Reinhold. 



Depends on computation 
method. Reinhold constant 
value. Hydrograph variable 
intensity. 



I yr stora, 15 ain duration 
City areas up to 5 yr 
duration varies according 
to size, shape i slope of 
area. 



Yes, for conventional coa- 
ptations. For simulation 
models several synthetic 
storms may be used, but 
derived from I.D.F. curves 



Yes, based on probable 
damage. Mo fixed rules, 
usually I yr storm. Elbe 
tunnel 50 yr storm 



Yes 



( i i ) Not within a forese 
future, 
(iii) Tests beginning/75 



(i) Indirectly through 
design specifications 
(il) Yes, allowance at TP 

for storage or treatment 
(iil) Publication by Pecher 
t tautrich 



Mo, only where large 
snowfalls occur 



Separate 



Separate 



New construction, separate 
First flush to TP conside- 
ered, but problem of flow 
directing unsolved. 



Separate where storm runoff 
pollution is low, e.g. sub- 
urban areas. Combined syste 
for other, plus ci ty 



Full sewer flow, si 
ci ty flat and syste 
submerged 



(iii) 



No. except in slor 
holding tanks 



Mo, except in 
holding tanks 



No, except storm holding 
tanks and the use of 
oversized pipes, and use 
of overflow weirs 



Construct storm holding 
tanks 



None, but sometimes 
holding tanks are c 



None, but sometimes stor 
holding tanks are con- 
structed. 



No, except at the 
city Walfen 
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9 
Consu I rant 



10 
Standards 



I ft storm. 

IS mm duration 



II 
Research 



2 yr storm to 0.67 yr 
storm dependent on pop. 
density. Duration $,'!$ 
dependent on shape of 
topography 



I] 
Researc'i 



I yr st oral or 5 yr In 
special cases. Usually 
IS mm duration, except 
in Urge networks. 



Seldom by local I.O.F. 

curves. Usually Reinhold 
and ATV publication 7/lf« 
"Ouide lines for the Design 
of Storm and Combined 
Sewers" 



Design storm hydrograph 

derived from 10 to 20 

storms using a simulation 

model 



Icpendi • ■ 
eateni of possible 

damage 



(i) No 

1 1 i-n -.pace reserved 

(ili) No 



i ) , Iii) and (I i i 



Usually not 



Most ly cnml. i . 



' • OHfained 



(iii) 



(, 



pec II 

i .. 

■ ■■ 
it on mod< Is wl 1 1 In 
'K-ve lopeo 
informal I Ol 
■.•'fpit on I'- 



MA. only fo« small 



Uenerally combined, but 
depends on type I. local m 

' red ,-' i ml N«W requl - 
require In 
* rm runoff from new 

■ . s . 



. • • - 
pol lut ion load and . 
i .-■ i pimts Comb i ne I 

*or oth.-- 

i« city cent re . 






< I 



No. cacept 
tanks 



itorm holding 



(v) 



tanks located 
In natural depressions 
1 f > c i a I pond s 



Storm hold 



Cms t rue t storm holding 
Links 



None mandator . . but Inter- 

lockinq concrete blocks M 
be used instead of imper- 
vious pavement « Concern 

about oil i ;f i I i rat ion to 
...itet 



Ml I ' ly be S I ni .- 

lo-er ing is 
I .ib I em 



Often the determination 
the largest overf low 



usual ly none 



flooding *<-. ,y ma* i mum 
of 5 to 20 minutes 



»r-s. it practical 



Roofs 60 seconds 
', t-eets JO second % 
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3- Sani r.ir , Sewer Design 

a) Are new sanitary -, ewers designed as gravity 

sewers, pressurized sewers, comb i nation 
,'avity. partly pressurized or as 

vacuum sewers? 



b) Would you please outline any experience you 
may have re pressurized sewers or any .in 
going research you are aware- of inn, 
pressunred sewers? 



Grav i t y sewers 



Insufflel 

available 



Cravi ty sewers . 
sewer has been 
for one lot at io 



Gravi ty . 200 I i tres per 
person per day. Pressurized 
sewers only under special 
condi t ions 



c) Would you pt< i .- pel ify what sources of 
sewage drain into sanitary •"■"* storm sewers 
respectively in the case ol partially >epar- 
ated sew 



d) How is the maximum capacity of th.- >ewage 
treatment plant related to th-- dr athc 

I l.,..' 



For separat ion ot a Ci 
system up to Qs sani t, 
sewer, remainder stom 
sewer 



2 to 5 t imes the dry 
weather I low 



Sewage to s.ini tar 
Stormwa ter . ■ • 
unpolluted cooling wate 
certain Industi il wall 
to storm dr., in 



age 



only take stree 
water. Al I oth 
runoff goes inl 



t and (ground- 
er types of 



Biotog. 2-3 t imes (Jj 
Median 5 ' imes Q. ■ 
Many plants 10 t I'me? rj^ 



capac >!( fc 
detent ion. 



IW5 



2 t imes Q<j r for fc loloqil al 



• ■■ folding I n ed Se 

a) Are 

t ed a t ige t rea traen I 






b) mow is trie ii /ultimo .'calculated relative to 

: he 1. 1 I f the 1 ipatity ol the 

pla ■' 



c) is the j.i 1 1 11 . • wage routed to the 
tani considered In the lesign of the 

tank? 



d) is provisi - nade for treating the 1 ipacity 
Of the ■- 1 -11 holding tank 
(i > wi thin the tank? 
(ii) separate treatment plant? 
(iiii by pumping back to main plant? 

• - ■■ -' I the treatment ? 
[vj how much is treated and how is it 

dlschj 

(vi) woul.l you please describe the plant 
and process used for d(i) or (ii) 
or (ivl. 



v "(VQ k | dr ) ' ""ere 
Q^-max combined Sewage 
flow to TP (1.2 x Q cr , l J 
°klar 



det< 



:h. capac 
it ion time. 






(ivl No 
(v) See 



""IQu-Qu,,, I t where 
Qu-max combined sewage 
flow to TP (I 2 ■ cri , I 
Qji| dr »mech capacit, 
t -detent ion t ime. 



15-20 minute detent ion 
period 



D-. 



illy not 



Quali ty of outlet waters 
total pol lut ion minus 301. 



(iii) Sludge 

(,-) Mo 

(v) See 3d 

I.O Sever.il 



(ii) Mo 
(iii) Combined flow below 
wei r to plant 
(iv) No 

(v) 10 x Q dry mechanical 
2 x Q dry biological 



e) What is the prime factor limiting the 

detention period in a storm holding tank? 
( i ) construe t ion costs? 
( i i ) oxygen depict ion? 
(iii) probability of new st.,rm occurrence? 
Please amplify 



5 Stc 



Runoft Stc 



.,;„■ 



a) Is detention storage provided for 

sewers either In- system or off-systei , 

a single .1.,, , )e .tructure one c.-li ,., 
multi-cell or .is .1 system .v( storage 
structures 1 



b) Is detent 1 
depression 

bankments) 
iround. be 



storage provided in 
■ ■ 1 eservol 1 ■• lm t ». rm- 
1 M . enc losed tank ii . .. 
rid' or below Md terl 



c) If not a, outl med in $'a) ir (b) . t, , 
what method , s storage provided? 



(,. 



Al I three systf 
used depending 
d i t ions at s i re 



(I) 



I) I 



row 
One cell 

Physical proper t ies 
municipal i ty 



1) When possible 

2) When nothing else 
poss ible 

3) Because of high cc 
cost . usual ly not 



Size of tank and the avail- 
ability of land 



else 



I ) When possible 

2) When nothi 
possible 

3) Because of high cor 
cost . usual ly not 



In system, provided suf- 
f iclent capacity exists 
without harm to the serviced 
populat Ion 
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Municipal 



Hun i c i pa I 



Municipal 



7 
ultant 



Gravity Sewer 



Gravity Sewers 



Pressure sewer 



BOX of trunk sewers have 
gravity flow. Then partly 
gravity, partly submerged 



General I y grovi ry 



Pressure sewers used for 
100 years. <i20 Km total 
length. Pressure to 6 
bars. 0.1 . A.C , (. 
cement lined steel pipes 
used. 



Allowed, subject to City 
approval • 



Sewage rjtily in san i u- , . 
Stormwater only in storm 
systems 



Al lowed, subj.-c t 10 Ci t y 
approve I 



Only sanitary se- 
sanitary pipe 



Oepends on treatment 
degree t age of treatn 
plant 



In favc 

I 1.5 



able condi t i on. 



Mechanical tr. • 

to 7 Biological ' tslmnl 

l I 



Not since 
used 



cpatJI. 



No, eiicept 
plant 



it I < 'ea taei I 



Ves .or •-.;•■ iva-i lable 



20 min,.ie detent ion 

pe r i od 



ATV standards 



• 
(ii) - 
(iii) Yes 

I i. ) No 



(Ill) 






[i) 



ii) 



Planned lor combine 
One C«l 1 



A I I three system-, de- 
pending on site condit 



Depends o" site condition 
mostly one or more cells 



A I I ', yStens used 



F6l ' "ed system i n 


• 


n< lused tanks be low 


..ll.rn. 


• beli ■" xal ei 





•lit iral itepi 



In reservoirs or .•• 

underground tank'. . 



Oepends 

i r ■ < ,) I i 1 , 



hydrau ' II J 



Detent ion ..i pes »i lb 
wei r or t>>- a I t I inrj 
device. 



Backwater 
us i «g we i 

device 



storage .yslera 
or th. i t • I i'.'i 



15^ 



10 
Standa 



II 
Reset r 



Gravi ty sewcn 



Ct av i ty sewers 



Gravi iy sewers 



Gravily se» 


«cr-, 


. or press 


unzed sewers 


but the 


litter can 


',.• 


wrong in 



Art ic le in Vasser und 
Boden" by Prof Ti.-dt . 
University of Oarnstadt. 



No sanitary sewage in 
storm water system 



Basically no sanitary 
sewage should go into the 
storm systiw 



Approximately 2$ to 5 
times the dry weather 



No 1 00? cor rec t .! 
The proposed I : 7 
cons i del ed nonser 



Hech ■ reatm.ru i4=±-SSs 



10 logical treat" 

i ' * I ) Qdw 



I Qdw 



Mech treatment I . U to 
I • 7 

Bio. treatment I ♦ I then 
aid storm tanks. Mech. 
treatment beyond I » 7 not 
practical hydrau I ical Iy 



This i . ,i quest mn rit pr 
cess safety and the mini 
mum requirement of the 
regulator . authoi i ty 
(Provincial) 



Only when recipient is 
overloaded. Space is 
usual Iy provided hi ip 

I <r holding tanks 



Af Irr the shortest 

t inn pel i,„| pr,.,., i till nifl 

topograph! i cri trria 



(i). (ii) 6 (iii) Yes 
(iv). No 

(v) Old law, not stri, t Iy 
enforced, req. max of 25 
ppm BOO for TP effluent , 
New law proposes gradual 
decrease in COD. 80-"<0-I5-0 
for storm water. 



Usually by pumping back 
to the plant , but also 
dependent on operational 
experience (Sediment.it inr 
in system) thereforr me 
times wi thin the tank. 



(i) 



(i) 



Usui II ■ i 

arate eel I -. 



Depends on hydraulic 
maintenance and cost 



fnt lined 
tanks 



Natural depression mostly 
but can depend on locality 



Natural depressions 
mostly, but can depend 
on local i ty and 
co-, ts 



In enclosed storage tanks 
in .irea: ■.! dense pop I 

Al to I i' •!• Ii a . pipes 
(Bonn) or i losed in 
basins 



"ln-p!pe" storage 



55 



idered ir 



in. 



Mler 



a) public acceptance 

b) i md ivai labi I i ty 

c) sewer system capacity 

d) close to t^e ia-.tr treatment plant 

e) other (please specify) 



Main criteria for 

a) Limited construct 
areas 

b) Basic requirement 

c) In large networks 

d) In smal I w!*' - 



a), b) and ■ ; 



7. Treat" 



if Storm Runoff and Overflows 



Combined Sewers 

Is treatment of storm runoff and/or 

overflows 

(i) currently used 

(ii) required by regulations 
(I i i ) current Iy planned 

(iv) under study 
If yes, to any of the above i tans , what treat- 
ment processes are considered? Mhat equipment 
is used? 



Overflows usual Iy no! 
treated Could p.-'. . ihly 
tie considered for • ..-*• 



b) Storm Sewers 
Is treatment of storm sewers: 
(i) currently used 

(ii) required by regulations 
(lii) currently planned 

(iv) under study 
If yes. to any of the above i 
treatment processes are cons I 
What equipment is used? 



I. .'ou I d you please outline opera t l onal 
prat |«» n which have ar I ten with Harm 
runoff storage w ith respect "to solids 



9. field Studies of Sewer Sys t 
a) Field studies carried out . 
(i) design of new sewer, 
combined) 
(ii) analysis of 
(i i i ) design of ov 
( i v) other - plea 



Deposition of solids t 
odours occur. Solution 
by a) scrapers ,md b) 
design of base slab to 
prevent depos i t ion 



■ t inq 



I , 



b) Field studies are not presently 
anticipated because: 

(i) sufficient informal k.i. >n sewer 
system aval lable. 
(iil mathematical simulation mode's 

eliminate the need Fo< .ihove s t nit i 
(iii) other - pie, ist specif. 



:) In j typical field study t h. 
phenomena arc recorded 
(i) flow rates 
(ii) precipitation 
(iii) water qua I i ty 
(iv) other - please specif. 



I lowing 



For the above please specify "•*■ t succe'.' 'ul 
equipment and methods used, t he . I accuracy, 
operational equipment. Are there any daf.i 
covering all items and available (event „., I I, 
for different land use)? 



(iv) I) In spec 1*1 .... 

test quality 

2) Control of requlati 

(Weirs, valves, etc. I 



(i) No 
II) No 
i) No 
A Yes 

Numerous C 
avai lable 



(i) only I. 

(i i) So far 

(iii) No 

(■*) - 



lly mljifij 



a) to d) have to be consid- 
dred from case to case. 
Important that water supply 
available for periodic 
c leaning . 



(i) to ( 



No. (iv) Yes I 
tank remote from T e 
y treatment only. 

runoff conveyed t.. T P 
storage 



( . I to (iii) No ( iv I In tin 
province only one cily has, 
a separate system. Eve. 
it d... \ not f unci ion 
propel Iy 



I I must be p..ss ill'- to 
irmove sediment! regularl, 

I ■ ■<- • • ,.-.• ■ (i • 



iii) Uo ol 

and DQ: 



At present '"any trealmci 

iil.nts should be const i >n - 
ted ii. i lean the combined 

sewer ~.ifr' 



lii j-id (iii) these programs 

•ire carried out to deter- 
mine cost dist r ibut i.in for 
instruction 6 operation 
.if treatment plants in 
industrial areas 



Ventur Imeters provide 
satisfactory toleranr 
inperience lacking fo 

inductive measur i nq 
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Municipal 



S 
Municipal 



:ipal 



b) and c) 



C) 



a), b) and c) 



Partially in the holding 



(il) Yes 

(in) nor 



(III) and (iv) 



Only one overf Ic 
treated 



( i i i ) Mechanical treatn 
and recirculation to 
treatment plant 



(i) Usually not 



To be 
1975 



est ig.iied 



Difficult tc 



(i). (ii) ,.nd (iii) 



(I), (ii) t (iii) 
(iv) To establish the 
mathematical models 
rel iabi I ity 



uprovinq model' 



Not ant i c i patcd 



(Hi) Lack of 



. and (iii) 



(i) and (ii) 
(iv) Deposit i 



(i), (II) and (iii) 



inn. flc 



us i nq Da I 1 
Lurrent met 



10 
Standards 



II 

Research 



12 
Research 



b) and c) 



b) and 



O 



a), b) and c) 



(iii) 



as of next 
is passed 



(ii) In order u. decrease 
maintenance cost tanks wit* 
automatic scrapers -ind hiqh 
pressure jets for cleaninq 
the base 



(ii) 



assoc lat 

ATV pub I 



ivest iqated by 

ity for open storage 

i e«panding .ireas 



Important to provi 
lor easy c leani nq . 



(iv) Occurence of f. 
water 



partially (iii) 



possibi I i t ies 



No measurement s made 
by us . When made . 
they are to further 
our knowledge and 'o 
cal ibrate simulat ion 
mode I s . 



<•). (ii). and (iii) 



(Iii) Field studies are not Measurements only 
always carried out because give surface runoff 
the construction small TPs and quality data. This data 
often preferable to major superfluous to practising 
reswering schemes Enqineer, merely confirming 

design L r i ler ia. 



(i). (i!) and (iii) Research (i) and (ii). possibly 

project underway, or storm- (iii). 

water quality by this (iv) Type of areas and 

university Resu I ts ava i 1 - topoqraphy Soil 

able, 197W6 moisture- content 



re not yet 
ed. 1975-76 
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QUESTIONNAIRE NO. 3 

ABATEMENT ANO POLLUTION DUE TO 

COMBINED SEWER OVERFLOWS 



I. Combined Sewer Overflc 



re conside 



a) major source of pollution' 

b) not significant in relation to others? 

c) not significant for local receiving ,-,., t 
Please explain 



Pol 



I f It 



a) no policy established 

b) policy based on discharge standards (con- 
centrations & frequencies) 

c) policy based on water quality and use of 
receiving waters 

d) other Please explain. 



Presently: Design si 
(Wortungs^ontrol len) 



One has to differentiate 
between design f. control of 
overflows. Policy for the 
control does not exist. 
For design the ATV publi- 
cation is recognized as the 
standard 



3. Combined Sewer Overflow Regulators 
Regulators are set to discharye at the follow- 
ing flows (as related to the interceptor 
cap.ic I ty) 

a) Static regulators - specify most frequently 
used, up to what flows? 

b) Dynamic regulators - describe types used. 



Height of overflc 
usual ly more thar 
Also dependent or 



emulator 



The height of the weir can 
not be related to inter- 
ceptor capacity, but to 
the critical flow in rela- 
tion to the weir length 
6. height, before the over- 
flow begins. Reference ATV . 
Static regulators of con- 
crete or in some cases 
wood . 



Overflow weir height 
is dependent on lenqth** 
the weir and flow. Made 
of metal "logs'-. ..ilh 
channel prof i le 



c) Are regulators controlled by overflow 
quality, what types used, operational 



cgulator 



4. Computi 



itrolled Systc 



Storage In Combined Sewers 
Are any such systems used currently or planned'' 
What is your attitude towards the above system" 



Not planned 



Research in the last few 
years appear to indicate 
that this will be possible 
but we have no practical 
experience with this yet. 



Us 



of Drag Reducing Add! 



Sewer Capac 



Are any above add i t i\ 

used? 

If so, what types jr. 

Was impact of addi 1 1 •. 



pl« 

spec i f y . 



and 



i or planned to 

used or conside 
waste treatment 
valuated, please 



6. Selection of Pollution Abatement Sche mes 
a) Ate any otner abatr-mem schemes than -hi 

above (i .e. Items 1-5) used? 

Is any of the above schemes preferred? 



Increase in overflow 
dilution rate planned 
(e.g. 1 to 10) to im- 
prove receivinq waters 
See Ref. 



Stati 
prel. 



regulate 



hemes is done' 
erirnce, only stx^e 



ei t ion of a bat erne- 
• I on the basis o 

promising sche 
il a number of abatement schemes arc c 

ered in a computer i zed analysis bas 

3 simulation model 
i) a comb in.it ion of (i) and di) Pleas 

spec! fy 
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Hun I c i p«* I 



5 
Hun i c i pa I 



6 
Hun ic ipal 



8 

Consul tant 



Depends on recipient 
qua I i ty . 



b) Recipient quality 
cri ter ia to be estab! i- 
shed. An ecological "node I 
is planned 



Old pol icy based on 
New pol icy based 
on cri t ical rain int 
ty. modified by seve 
factors . Al so water 
ty modelling commenc 
in USA i Hamburg 



Depends on the degree 
of di lut ion 



a) 19 to 1:13 Q„ r 

b) Not used 



Oepends on 
quality 



recipient 



a) see coli 

bl Prel imir 



r> No. I 

ry study only 



Planned, but I imi ted 
inadequate rainfall d 
Used for first flush 



optimal storage. 



Minneapolis-St. Paul . 
Detroi t . Cleveland , 
Seattle. San Francisco, 
also planned for Hambur 
in connect ion wi th 
inverted syphons . 



Hamburg 



ch begi 



No use for such a 
system since it leads 
to deposition in sewer 



Planned but sy^t 
t increased equi 
sbi I i ty to be pr 



eoi behav i our 
pmenl re I i - 
oven. Water 



Construct ion of 
sewer clarificat 



Research Underway 



(ii) 



Usually (i). 
cases 
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10 
Standards 



II 

Research 



Research 



J I Importance increase 
the higher the treatme 
plant capocity. Tempor 
pollution because of 
considerable shock lew 



c) 

d) Ac 
cial 
Inter 



ling to Provi 
istry of the 



b) and e) being established. 
Presently strung development. 
Pol it v should be low in I - 2 
years 



c) References. Vorlaufige t 
tlinein fur die Bemessunq 
und Gestaltung von Regen- 
uberlaufen in Mi schwasser - 
kanalen. I 8 to 1:11 
dilution of dr, weathe' 
flow. 



The allowable pollution 
load './or r crit should 
be criteria. Ideal ly 
allowable year I, avg. 
BOO should be established 
for OWF t overflow 
condi t ions. 



Discharge at differen 
flows. No experience 
wi th dynamic regulate 



Research ai 
place now. 



id test taking 



V °">o 

P () - Height ol the f 
weir over the pipe i nv 
with pipe diameter Oo. 
No upper limit on flow 
No dynamic regulator 
I imi tat ions 



.-.i 



Depends on hydraulics, 
r crit 10-15 litres/sec 
ha. Hln height 25 cm 
Dynamic regulators should 
be avoided from mainlenanc 
point of view. 



No experience 



should be full of problems 
Only after quant i i y 



No experience 



See column 7 Opinior 
only useful for large 
flat cities. Gauges 
very suscept ible to 
interference, meaning 
much muintenance 



To date, no convincing 
examples. Differentiate 
between design & operation 
Design useful for large sy 
Operation becomes a matter 
costs 



. t cms . 
of 



Provincial authorities 
prefer sufficient dil- 
ution of sanitary sewage 
so as not to endanger 
recipient. Additionally 
storm tanks constructed. 



One should consider (ii) 
but not forget previous 
experience. Simulation 
models have the disadvantage 
that the input criteria is 
not completely known (design 
storm). More data has to be 
accumulated. 
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QUESTIONNAIRE NO. I 
SEWERAGE FUNDAMENTALS 



Ministry of Agricultu 
Local Office 



istry of Equipmeri 
Local Office 



ronmental Secretar 



Roof Drainage: Is residential roof drainage: 

a) discharged into storm sewers? 

b) discharged into street gutters or ditches? 
') discharged onto property for seepage into 

soil7 

d) used for irrigation? 

e) disposed of in some other way? 



if it e* 

if not 



ndustrial areas 
csidential areas 



is no si ope 
ground is per 
Also depends 
importance of 
In separate s 
better to hav 
runoff over a 
per iod as pas 



if (her 

nd the 



2 "ounddt ion dr 



ilh. 



con nected to: 

») storm sewer s ? 

ii) sanitary sewers? 

i I combined sewers? 

d> another disposal system? 



b) Exists in 'Vseudo" a) t, c) possibly into 
Separate systems. ditches or soak aways 



i Cl eaning practi 



'71 Streets 
a) Are downtown street', swept/washid daily/ 

-eek ly/monthly? 
m Are surburban streets swept/washed daily/ 

wee k I y /mon t h 1 y ? 



»). b) 

tiple.i 
older < 

a -it •" r i 



a) or c) depend • -iq 
the instal led syst. 



Depends on the 
ity. varies (ft 
day to once a ■ 
urban c omroun i i 



I pal- 



Mow does the frequency of street cleaning 
lepend upon adjacent Ijrid use? 



Stl Are streets cleaned for aesthetic reason- 
or to improve the quality of runoff? 
'is it accepted that the quality of the 
street runoff is dependent upon the 
Irequency of street cleaning?) 



•' I What type of equipment 
■■ treet cleaning? 



ed f< 



Yes 
(»es) 



This could he en* i saged 



Sweepers, mechanital 



i I Sewers 
■i I What ii 



Clergy-Pontoise, one 
year. Other 1/3 of 
system each year 



Depends on deuos its • 
sewers which ,ire reg- 
ularly control led 



Depends on what nc'j'n.* thi 
commimi ( us posse .s 



hi By what methods do you 
'.ewers? 



Do 



of flushing 



ing dry 



High Pressure flushing 



Mydroyna 



Yes for small ,|ia. 
pi pes . No "I arqe die 



Special equipment i •. 
being env i saged 



*•> Do you install catchbasins for street drain- 
age on new sewers? 



•) How often and by what method do you 
catchbasins? 



i) Snow Removal 

a) When removing snow from the road or hiqhway. 
Jo you plough it to the side and leave it 
to accumulate and ultimately melt or do you 
i emove il and dispose of it a I a lake/ river 
•.ewer/snciwdump or other? 



b) Is the frequency of snow removal determined 
oy any factors other th^n quality' 



What equipment 



Not a problem, when neces- 
sary, use NaCl 6 plough 
to one side 



Trucks with snow plouql" 
blades 



I) Has the environmental impact of show melt 
-.iter, or content of the de-i< i nq materials 
iw abrasive material in the snow melt been 
assessed? Alternatively, has the effect on 
the treatment plant been assessed in the 
case of combined sewer'? Could you please 
identify the materials used for de-icing and 
summarize the result o1 tnt assessments 



d) No 

NaCl- little effect as 
snow is infrequent and of 
short duration 



Partially (de-.cingl 
Abrasives have caused 
problems at lift Slat ion 
Yes. m L ombint,l systems 
especially in wintir sport' 
area. 
NaCl 



•J Has lead or other heavy netal been identified 
as a serious snow uini.i-nijnt' 



I nrlrol of Infiltration ,'i. sewers 
,1 A.e inf i Itrat ion jl low.i<„.es sptvificd 
design manuals rji standards? 



I I What is the pol icy 



if i I t r it ion contt i) I ? 



No. the standard of July. No 
70 requires complete water- 
tiqhtncss of sewer systems 



Pressure tests before Left to the 
accepting system. TV dept to ta 
control with immediate 



Intervent ion when 
inf i 1 1 rat ion presents 
problems 



What means an jsed t 
infiltration' 



Joint in iec t ion-rrpl.ue- Repair of ioints 
ment of piping 
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QUESTIONNAIRE NO. 2 

DESIGN PRACTICES OF NEW SEWER SYSTEMS AND 

MODIFICATIONS TO EXISTING SYSTEMS 



Ministry of Agriculture Ministry of Equipment Environment Se 



I . Storm Sewer Design 

a) Whit storm frequency is required to be used 
for new sewer systems and what storm duration? 



Presently being 



10 year storm, average 
durat ion 10 to 15 minutes 



10 ye 



b) Is the design storm derived from an intensity/ Yes 

(Jurat ion/frequency curve? Now is the design GaQuot formula 
storm hydrograph derived? b(F) 

i(mm/hr) -- j t 

m 



Gaguot formul; 



ila. lil! 



Is the design storm frequency/ intensi ty 
varied for residential areas, commercial 
t industrial areas, culvert capacities 
for minor roads . major raids t freeways? 



At pr 



d) Is the design of new slor 
based unly on quantity? 



systems 



•) Is quality considered in the design as well It is recognized that fi) No 

as quantity? storm water is polluted. fit) No 

'il is anything be . ng done about improving but at present no treat- (iii) Not yet 

runoff quality? W nt is ••n.ised (economic 

(ii) is storm runofl treatment anticipated? restraints) 
(iii) i> research proceeding into runoff 
quality C runoff treatnent? 



Not at present (i) Yes 

(i) No (ii) »,s 

(ii) Depends on (iii) ... 

(iii) yes 'ml Yes 



I) Is snow mell considered in s i z i nq the sewer 

pipe? 



g) Are new storm sewer systems designed ; 
scpirate, combined, partially separata 
other? Please amp I i f y 



New towns- separate 
systems mandatory t U 
where the choice of 
system is lett to the 
consultants 



I'e. except in .er- Both, due to decision No do. trine ■ I i, a 

.ireas which discharge made in 1 933 quest"." oi t iii..jm- 

rhe Seine- St. Denis ,,.„,,., 



Ir. new storm sewer designs based on: 
(i) open channel or free flow? 
(ii) pressurized flow? 
[iii) sewer surcharge allowed but infrequent: 



(.) 

(iii) 



(iii) 



Ii) 



2. S torm Runofl Attenuation 
a) To reduce the rate ot storm runoff, is 
storm „ater stored 
(i ) on roofs? 
(i i) on streets r. sidewalks? 
(iii) on parking lots' 
(iv) on schejol qrounds? 

(v) in parks? 
(vi ) in any wa I I at al I? 



The Gaguot formula allows (vi) normally in large 
for urban area storage retention basins 



large retenti 



(vi) possibl 
under very . 
t iona I c i r cu 



h) What measures are mandatory in new signifi- Retention bj 
cam sized constructions or developments in 
order to restrict Strom runoff flows? 



Is ponding or use of depression storage or 
infiltration used to restrict the intensity 
of ,torm runoffs? 



d) Is it possible to give quantitive assessmc 
o( ihe ittenuation reqjired under 2 (a) 6 
(b) , either by depth ol ..ater or storm f re 



Relent ion bas ins 



Relent ion basins 



limes to reduce Yes. but the efficiency i« 
>f a retention dubious, and pollution of 
groundwater can be 



New regulations may 
determine important 
developments ir 
storage basins 



Yes, by either method 
provided certain measures 



J. San,; j' , Se 



-i) Are new sanitary sewi i s designed as gravity 
sewer,, pressurized -.eoers, combination 
parily gravity, partly pressurized or as 



General ly gray I ty. 
Vacuum systems are per- 
mi tied b..t very few 
installed 



Gravi ty 



b) Plea->e outline any i.pe 



going r. search ynu 
pressurized sewers. 



c) Please specify what -..urce-. of 

sewage drain into sanitary and storm sewer 
respectively in Ihe . ise of partially sepa 
ate.; .ewers 



Such a System has been None 
in service for several 
years, and has given 
very little problem 



No panic* 


.ilar measures 


Sani 


tjfy household sewage. 


are taken 


regarding 


i"d,. 


trial waste, wash 


storm wai< 


- even in m- 


-• 1 1 e 


- Storm rain water 


dust rial . 


ireas. However 


• t r< 


ei -ashings. lond 


regulati... 


.ire tending 


.lr.,i 


•'age , indusl rial 


to teccn-ii- 
stric t. 


"Hire and more 


t0 ol 


rg water. 



d) How i, ihe manimum capacity of the sewage 
treat-. ■,! plant related to the J', weather 
f I.,,.' 



'" Stun- H. Idmg Tanks - ( ..-l ined Sew r s 
al Are .torn holding I a'.. '." genera I ly .onstrur- 
li'J •' .ewage ireatm. • i I ants? 



b) How ,. their volume calculated relative to 
th. .apaCily of the overflow capacity of the 
pl ..,.i? 



i i , «•■. DWf (usual 1 
*• t i-". DWF (short 



Sanitary household 
sewage , Indus t rial 
wasle. wash water 
Storm rain water . 
street washings c tc . 



Theoretically 2 or 3 U or S times DW< 

t imes DWF ; pra.. t ical ly 
up to 5 t imes DWF 
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QUESTIONNAIRE NO. } 

ABATEMENT AMD POLLUTION DUE TO 

COM I NED SEVER OVERFLOWS 



Ministry of Agr 
local Off! 



stry of Equipment 
Local Office 



Environmental Secretariat 



I - Combined Sewer Overflows are considered: 

a) major source of pollution 

b) not significant In relation to others 

c) not significant for local receiving water 
Please explain. 



■) 



2. Policy re control of overflows: 

a) no policy established 

b) policy based on discharge standards (con- 
centration f. frequencies) 

c) policy based on water quality and use of 
receiving waters 

d) other Please explain 



) Depending on the other 
ses of the receiving «- 



Left to the 
:lde 



3 . Comb i ned Sewer Overflow Regulators 
Regulators are set to discharqe at the follov 
ing flows (as related to the Interceptor 
capacity) 

a) Static regulators - specify most frequent! 
used, up to what flows? 

b) Dynamic regulators - describe types used. 



f I. 



Are regulators controlled by overflow 
quality, what types used, operational 
.••per ience. 



d) «, 



regul.it 



.f any. 



egulat ion 



Retention tanks hove 
been installed r.n combined 
systems . and can g i «c 
problems ir mai"Taininu 
the qua I i ty of r i id i ned 



and computus contr 
wisaged in the nei 



No. but tries.- i. ..ild hi 
interesting 



Urol led Systems Haximi; 



Storage in Combined Sewer 
r any such systems used currently or planned? 



your 



ittitude towards the above system? 



j< Drag Reducing Additi 



Inc 



Sew er Capacities 
Are an, above additives used or planned to be 
used? 

If so, what types are being used or considered? 
Was impact of additives on waste treatment 
plant md receiving water evaluated, please 
spec , f , 



6. Selection of Pol 
a) ft 



Abat" 



it Schi 



ny other abatement schemes than ih 
above (i.e Items l-S) used" 1 
Is iny of the above schemes preferred? 



it schemes is done 
f experience, only 
insidered 



'.i-li-c t ion of abate 

(• I on the basis of e> 
promising schemes 
I i I a number of abatement schemes in consid- 
ered in a computerized analysis b.ised ..r. 
.» s imu lat i on model 
hi a combination ol (i| a«d lii) Please 
,p.-ci ly 



above the over fit 
wei rs 



Strainers are envisaged 



Gk 



S91 



s j i edaj 

| P30| ' 3)3J JOOD qj in 

iojjps -siuiof jiedia 



: i,i- ■ uaiPM 

A| |pji ijpjd 6u<aq 

6u;did uodn 3juaisisu| 



i |Od »Ai l jaj ja on 



"A 



ajnssajd -s:e~ 

JO no o£ J»pun Jnoq 

buidid ,a iu/| £ . sa A 



13*0 - «!" J *(10 

lO^N - duiai «o| *J»A 

siuP|d u| lasdn 

Ml - suiaisAs pauiquio} 



siup|d 

luauiipajl ^o 6u;vo« 

am lasdn pup 'a|Oj 

Ae|d saAispjqe )nq • on 



jnoqp| (enueui 
"iipnji - sq6nO|d mou$ 



s>pnji 

' •. ioi-i'ji " sq6nO|d mous 



Aiajps 



Aiajes 



Ol uOipnjHqo jo Auip 

* .).-. |] paAOuiati '3p;s 

auo oi pau,bno|d A(|pnsn 



aoo o> J I u,6no|<j 



jeaA e si 
£ oi | "sjaituei uoii 



l»AOqs pupu, 



a6pa|. 



sbid 
t buippoj •6u ! q«ri|i jh 



6uippOJ 
3 s6id '6uii4fn|j ju, 



f|n0||jpd aqi 



spuadag 



Aji|edoiuny uo spuadag 



sjaqsp* 
jadaaMs | c) i u pq >aw (a 



i"! ul 'i|"" 1 saqsnjg (» 



SUOSP3J 

luabAq t 3i i-iiisj» 



paidao^p ion 

lies pue 

jo pij lab oi jajuiM 

suoseaj jiiaqjsay (p 



•1 is 6uip| inq 
oi «0|) idasxa "on 



pajinbaj se paqspM 
'uaijO S53| ld*"S.ij)ijn; 



AmiuoM p»Msen 
A 1 1 eg >dan$ 



S|PAjaiui jp[nhajji ]P 
inbaj se pjiiss» '(ij» e 
nil oi ><*a«s 'qjijnj; u| 



A l»»»ri P»M*'« 
A|(eO <■*»<"$ 



i"i«J Jjaj 



£UOI 1PJ1| i )Ui 

ajp supau ipq« 



i |Ud aqi si ieqn (q 



ui paijpads 



t|pnupui ubisap 
iiejIUjui aj» (t 



uOl 1PJ1| | ,u| JO |OJ1UOO i, 



psijlluapi 



ilUPl 
»q |Pli 



»qlc 



>| se H 



s luaussassp aqi ,o i|nsaj am a7ijpuujns 

pup bupi-ap joj pasn liejjsjew aqi Ajiiuapi 

aspajd noA pino] • ,j3m3s pauiqujo? jo asen 

aqi U[ passasse uaaq iuP|d luawieaji aqi 

uo laajja aqi spq ' A| aA i jeujai | v iP ass3Ssp 

uaaq ]|3u mous .iqi ui sjeij.iipui aAisejqe jo 

S|PijaiPui 6uij|-ap aq] jo luaiuos jo "jaiPm 

l|3iu mous jo ijeduii |Pluaiuuoj.Aua dqi spu, (p 



luamdinba ipqp ( - 



iAiijpnb upqi jaqio sjoiapj Aue Aq 
aiap |PAOiuaj mous )0 Ajuanbajj aqi S( {q 



>,jaqlo jo dwnpMouS/'jaMas 

jaAij/a>(P| e ip i; jo asodsip pue ii baoiusj 

noA op jo i|aui A|aieunl|n pup aiP|nwn33P oi 

I | aAP3( pue apis aqi oi ii q6no|d noA op 

"AeMi|6iq jo peoj aqi uioj j mous 6uiAOuiaj uaq« (p 

I PAowau mous (!!!) 



i-.u i seqip ir > 
Dp pouiaui »eqM Aq pup uaijo moh (j 



iSjaMas Mau uo a6p 
jp laajis joj suispqqjipj ||Pisui noA oq (p 

^jaqieaM Ajp 6uijnp 
jaMas 6uiqsn|j jo .. i.,-!pj.i e a>|rui noA oq (3 



»s upa|3 A||Pwjou noA op spoqiau leqM Ag (q 



j6ojd aoueuaiui 



.,n6aj 



l«J 



mm 



>, pasn 



i6u,uPa, 3 

luaudinba ,n adAi IPqn (a 



(j,6uiupaij laajjs jo Aouanb 

-ajj aqi uodn luapuadap si jjounj laajis 

■•>iil jo Aii|pnh aqi jpqj p.ndajjp li s|) 

ijjounj jo A|i|pnb aqi aAOjdui oi jo 

iuospaj niaqi-...p joj pjuf.ii - siaajis ajy (P 



i,asn pur | luasrfpp uodn puadap 
6uiupj| } laajis jo Aiuanbajj 0141 saop moh (j 



iA|muo«/A M aaM 
/A|iep patism/idaMs siaaj|s ueqjnqjnt »jy (q 



i.A|q)uOH/A|i|aaM 
/A|iep paqspM/idans siaajjs unoiuMop ajp (p 

<1»»JIS (! ) 

saDiiJPJd Buiu»3|] £ 



jo (t 



(||MM 



iinaisAs (VSOdtlp jaijloup (p 
l»Ja«»l Ajpjiupi (q 

jt J— t M-IQIS (P 

:oi p»»J»uu03 

>saqi ajy ;sui»jp uO|)ppunoj z 



Ji'M isui jairft |Pjapaj 
( 



^Apm jaqio auioi 111 jo pasodi.p (a 
t u.ii ii'bi jj ] joj pasn (p 

il!«>* 

oiui aocdaas joj Auaocud oiuo pabjpqDsip (3 
isaqjiip jo sjaiin6 laajis oiui p»6jnj3S!p (q 

".sjaMas injo is jiui p»6jrq3»ip (p 

aopuipjp jooj (Piiuaoisaj f| abpuipjj jooy • ( 

aN«-t«3Zllf\S 

SIVlNJUVONDi ]9ValMS 
1 ON 3>JI«KN0liSin0 



(9 J (« 



QUESTIONNAIRE NO. 2 

DESIGN PRACTICES OF NEW SEWER SYSTEMS ANO 

MODIFICATIONS TO EXISTING SYSTEMS 

SWITZERLAND 



Provincial Highway Authority 



Fedc 



l I Waif 



Design 



new sewer 



'qui red to be used 
what storm durat ic 



10 year storm 
15 min durat ion 



10 year storm 

Ourat ion is proport i 

to the intens i ty 



Rural areas - 5 yea 
Urban areas - 10 ye. 
Cues - 20 year 
Duration depends on 

1 ime. 



b) Is the design storm derived From an intensity/ 
duration/frequency curve? How is the design 
storm hydrograph derived7 



Yes, by regions 

On the basis of the 

curves, Fol lowing SNV 

standards 



Yes, by regions. On the 
basis oF the curves, 
Fol lowing SNV standards 



»es. Q=F RCD • Ml /sec ) 
F-reduced surface, of z 
under consideration (ha 



:) Is the design storm frequency/ intens i t y 
varied 'or residential areas, commeri. i .1 1 
(. industrial areas, culvert capacities 
for minor roads, major roads t freeways? 



Yes, only var 
the 1 onstroct i 



is .1 

urban 



Yes. Fc.r rt.idml i „ I . 
commerc ijl ;, fndusii lal 



d) Is the de 



rqr 



quant 1 ty? 



e) Is quality considered in the design as well 
as quantity? 

(i) Is anything being done about improving 
runoff quality? 
(ci) Is storm runoff treatment anticipated? 
(iii) Is research proceeding into runoff 
quality ' runoff treatment? 



f) Is snow melt 
pipe? 



unsider 



ing the Sewer 



Are new storm sewer systeris designed as 
separate, combined, partially separate 
ut her? Please amplify. 



No, just by coefficients 
for runoff (function of 
ground cove' and slope) 



(I) no 
(ii) no 
liii) no 



New 
Exte 



No . depends also *n runoff 
tine, on the catchment 
area and on the road 
surface 



For autoroutes. virtually 
always independent 



Yes. but 30 cm mi 



(.) - 
Ii 1) - 

(iii) yc 



P-ot.abl y 95 ■ •-''" 
result uf fam ' ■• « 
a "doe I "■>.•" 



ew storm sewer designs based on: 
open channel or free flow? 
pressurized flow? 
sewer surcharge allowed but infreque 



(i) 



2. Sic 



Runoff Attenuati 



a) To reduce the rate of storm ru 
storm water stored 
(i) on roofs? 
(ii) on streets £. sidewalks? 
(iii) on parking lots? 
(iv) on school grounds? 

(v) in parks? 
<vi) in any wall at all? 



.off. 



No storage 



bl What measures are mandatory in new sin.nif 
cant sized constructions or developments i 
order to restrict storm runoff flows? 



<i) 



i ) by using "f lood 
ducing tanks" 



c) Is ponding or use of depression storage 
infiltration used to restrict the intens 
of Storm runoffs? 



d) Is it possible to give quantitive assessme 
of the attenuation required under 2 (a) '. 
(b), either by depth of water or storm f re 
quency? 



(i) 



In general , the 
Stor ,ige 



Ovei f lows , wi th 
out relent i.m bd 



' * 3 

Consultants Provincial Highway Authority Federal Water Institute 



3. Sanitary S ewer Design Gravity 

a) Are new sanitary sewers designed as gravity 

sewers, pressurized sewers, combination 

partly gravity, partly pressurized or as 

vacuum sewers? 



Cravi ty 



b) Would you please outline any experience you None „„„, 

may have re pressurized sewers or any on 
goinq research you are aware of into 
pressurized sewers? 



c) Would you please specify what sounes of Only distinctions 

sewage drain into sanitary and storm sewers Ev-domestic 4 induslrial 

respectively in the case of partially separ- EP-rainwater 
ated sewers? 



Kl-industrial (speci 



d) Mow is the maximum capacity of the 



.. ..._ w«h-vi M w '"«• "«8' 5 x DWf fc . nut i„. „„:„,, 

treatment plant related to the dry weather primary 

f )ow7 settlement in existing 



k. Storm Holding Tanks - Combined Sewer 

a) Are storm h„|ding tanks generally cc 

ted at sewage treatment plants? 



plant! 



b) How is the.r volume calculated rela'ive to Difference between Q 

the capacity oi the overflow capacity of the entering s Q (biolog.cal I, 

plant 7 



c) Is the quality of sewage routed to the 
tank considered in the design of the 
tank? 



i) within the tank 
(ii) separate treatment plant? 
(iii) by pumping back to main plant? 
(iv) is ozone used for the treatment? 
(v) how much is treated and how is it 
di scharged? 
fvi ) would you please describe the plant 
and process used for d(i) or (ii) 



-) H not as outlined in •>(*) „. (b) . by 
whit method is storage provided? 



admi ss i bl« 



di Is provision made for treating the cipacily yes (iii) 



lank 
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of the storm holding tank, M L. '._, ,. th . A *»' ' r °" retenfon I 



(v) the volume of the settlement, t h. 



treatment of st< 



What is the prim.- f J( tor limiting the Q ) ' ' ~ " 

detention period in a storm holding tank? Capacity of the- treatment 

a) construction costs? 

b) oxygen depletion? 

c) probability of new storm occurrence? 
Please amp I if , 



<,. Storm Runoff Storage In-svstem " ~~ 

a) Is detention storage provided for .torn Retention bat In 

sewers either In-system ol off-system, as 

a single storage structure one cell or 

multi-cell or a-. a system of storage 

structures? 



b) Is detention storage- provided in natural Tanks b( . low nd - ; " — 

depressions or in reservoirs (with em- y °P' n °' dosed tanks 

bankments). fully enclosed tank above 
ground, below ground or below water? 



Consul tants 



Provincial Highway Authority Federal Water Institute 



b- What is main criterion considered in 

totaling storm water storage struct ures? 
a) public acceptance 

b) land aval labi I i ty 

c) sewer system capacity 

d) close to the waste treatment plant 

e) other (please specify) 



7 Treatment of Storm Runoff and Overf lows 

a) Combined sewers 

Is treatment of storm runoff and/or 
overflows: 

(i) currently used 

'ii) required by regulation-, 
(iii) currently planned 

< i v I under study 
If t es. to any of the above items, what 
treatment processes are considered? 
What equipment is used? 

b) Storm Sewers 

Is treatment of Storm Sewers: 
(i) currently used 

(il) required by regulations 
(iii) currently planned 

(iv) under study 
If yes. to any of the above i'ems, wha I 
treatment processes are considered? 
What equipment is used? 



8 Would you please outline operational 
problems which have arisen with storm 
runoff storage with respect to solids 
removal or od our control"? 

9 field Studies of Sewer Systems 

a) Field studies carried out to support, 
(il design of new sewers (storm or 
combi ned) 
(ii) analysis of existing sewer systems 
(iii) design of overflow control schemes 
(iv) other - please specify 



b) Field studies sre not presently 
anticipated because: 

(i) sufficient information on sewer 
systems ava i lable 
(ii) mathematical simulation models 

eliminate the need for above stuo 
(iii) other - please specify 

e) In a typical field study the following 
phenomena are recorded: 
(i) flow rates 
(ii) precipitation 
(Iii) water qua I i ty 
(iv) other - please specify 



For the above please specify most successful 
equipment and methods used, their accuracy, 
operational equipment. Are there any data 
covering all i teas and available (eventually 
for different land use)? 



(c) 

4 topography 
fc proximity to 
receiving waters . 



ha 



Proxial ty to the 
receiving waters 



(•) yes 

tllj yes 
(iii) yes 

|l») - 
conventional systems 



(i) 

(in 

(iiD 

(iv) 



Difficulty in collecting 
I he waste, and general 
maintenance. Also in con- 
taining odours 



(I) 
the 



and tc 



Gener 
studi 



discharges. & fc 



measure 
intenanc 



study [ak« 



(i) I (iii) 



A study for (i|. (It) ( 
(iii) is being prepared 



Chemical determination 
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questionnaire no. 3 
abatement ano pollution due to 
combined sewer overflows 

SWI r^ERLANO 



ibmed Sewer Overflows 



b) 



• source of pollution 

,igni f icant in relit •<- 

) oot signi f icant for local 
Please explain 



>f Overflc 



2. Policy re cor 

a) no policy established 

b) policy based on discharge standarc 
centrations E frequencies) 

t) policy based on woter quality and 

receiving waters 
d) Other Please explain 



3. Combined Sewer Overflc 



£2: 



>et to discharge at the fol H 
■lated to the Interceptor 



Regulators d 

ing flows !d 

capac i ty) : 

a) Static regulators - specify most frequently 

used, up to what flows? 
b| Dynamic regulators - describe types used, 



b) t c) 



b) 1 ) leaping we I r 

i 1 ) divert ing blade 
(single 01 double) 



federal Wate 



a) envisaged in luu 

b) under discussion 

c) yes-amonq others 

d) - 



Illy 



Are regulators controlled by o 
quality, what types used, oper 



if any. 



* Computer Contro ll ed Systems Maximizing 

Stor age' in Com bi ned Sewers: 
Are any such system, used currently or planned? 
What is your attitude towards the above system? 



5. Use of Drag Reducing Add i I i 



used or planned to be 



Sewer Capacities 
Are any above additi 
used? 

If so, what types ^re being used or conside 
Was impact Of additives on waste treatment 
plant and receivinq water evaluated, please 
specify. 



6. 


Selection of Pollut 


on Abatement Schemes: 


a) 


Are any other abatet 


ncnt schemes than the 




above (i.e. Items 1 


-5) used? 




Is any of the above 


schemes preferred? 



b) Selection of abatement schemes is done: 

(i) on the basis of experience, only s<xne 
promising schemes are considered 
(ii) a number of abatement schemes are cons 
ered in a computer i zed analysis based 
a s i mu 1 a t ■ on mode I 
(iii) a combination of (i) and (ii) Please 
specify. 



None in oper. it i 
Urgently requii 



